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THE EFFECT INITIAL COMPACTION AND MOISTURE 
CONTENT ENSILING LOSSES FORAGE CROPS! 


Canada Department Agriculture, Ottawa, Ontario 


[Received for publication August 25, 1958] 


ABSTRACT 


study the effects compaction and moisture content ensiling losses, 
silage and palatability, forage crops ranging dry matter content 
from 19.8 36.5 per cent were ensiled initial densities varying from 
per cubic foot. These experiments were conducted 1954 and 1956, 
using metal silos half-ton capacity, covered with perforated wood covers. 

Spoilage was closely related compaction, decreasing significantly the 
degree compaction was increased, but was not influenced the moisture 
content the crop. Fermentation losses were significantly reduced with 
increases either ensiling density dry matter content. 

The quality the resulting silages, indicated chemical analyses, was 
affected both moisture content the forage and the degree initial 
compaction. Acidity the silages was highest from the forages high 
dry matter and heavy compaction, and showed significant correlation with 
fermentation loss. Fermentation losses were also significantly correlated 
with the ash content the silage, with increases crude fibre, and with 
decreases dry matter the material during ensiling. 

Free choice palatability tests indicated preference heifers for the 
more heavily compacted forages. 


INTRODUCTION 


The moisture content the crop and the degree initial compaction 
are two the most important factors governing the losses involved the 
ensiling forage crops. Considering the mass literature which has 
been published various aspects the ensiling process, few controlled 
experiments have been reported which have dealt with these two factors. 
Kennedy (3), using small samples forage plastic bags under pressure, 
has reported dry matter losses. Perkins (4) has reported the effect 
applied pressures the density and the effect dry matter seepage 
losses for corn and forage crops ensiled pyrex glass cylinders approxi- 
mately pounds capacity. However, information was found ensiling 
losses when both density and moisture content were varied. 

The object these experiments was study the effect moisture 
content and initial crop density, degree compaction silage losses, 
silage quality and palatability. The tests were conducted 1954 and 
1956 using forage mixtures the test crop, half-ton silos. 1954, 


1 Contribution from the Field Husbandry, Soils and Agricultural Engineering Division, Experimental 
Farms Service; and Chemistry Division, Science Service (Contribution No. 406), Canada Department of 
Agriculture, Ottawa, Ont. 
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forages constant moisture content were ensiled various initial den- 
sities and the losses determined. 1956, ensiling losses were studied 
when forages were ensiled four contrasting levels moisture content 
combined with four different initial densities. Data chemical com- 
position forage materials and the resulting silages were also obtained. 


MATERIALS AND METHODS 
Ensiling Technique 


botanical estimate the species the forage mixtures was made 
prior harvesting the crops each year. The crop was mowed the 
early mid-bloom growth stage, windrowed and allowed wilt until 
the moisture content approached the desired level. was then picked 
and chopped half-inch lengths conventional forage harvester. 
The crop was then forked into half-ton metal tanks, described Cooper 
al. (2), spread and compacted. Duplicate samples the forage made 
sub-samples were taken during the silo-filling operation for dry matter 
determination and chemical analyses. Two plastic-covered thermocouple 
wires were placed, one the central area each silo, and the other approxi- 
mately inches from the top. The initial ensiling densities were obtained 
filling the silos weight/volume basis. After ensiling the forage, 
the silos were immediately covered with perforated plywood 
cover, held place side bolts that prevented the compressed crops 
from springing upwards. Periodic readings the silage temperatures 
were taken attaching the thermocouple wires direct reading potentio- 
meter. Measurements liquid run-off from the ensiled crops were recorded. 
the conclusion the ensiling period, the silos were opened and the spoiled 
material was hand-separated from the silage and each fraction 
weighed platform scales. Duplicate grab samples approximately 
pounds silage were taken for dry matter determination and chemical 
analyses. 

All samples were immediately dried after sampling. Each sample 
was thoroughly mixed, and 1000-gram sub-samples were dried absolute 
dry matter individual trays forced hot-air dryer 100° 


The forages used the 1954 experiments had botanical composition 
per cent alfalfa, per cent red clover, per cent timothy, and per 
cent other grasses. The crop was ensiled triplicate lots, densities 
15, and pounds per cubic foot. Two additional lots forage were 
treated with sodium metabisulphite applied rate pounds per ton 
and ensiled density pounds per cubic foot. this case, the 
conditioner was added the forage hand the silo was filled. The 
average moisture content the forage time ensiling was 77.5 per cent. 
The storage period for the experiment was days. 

The forages used the 1956 experiments had botanical composition 
per cent alfalfa, per cent red clover, per cent Ladino clover, 
per cent alsike clover, per cent orchard grass, per cent timothy, and 
per cent weeds. Four separate harvests were made over 3-day period 
provide four levels moisture and the forages each harvest were 
ensiled four different degrees compaction. was necessary wet 
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the “low dry forage with garden hose following harvesting, but 
prior ensiling, provide the high moisture level for this test. The 
silage was removed after storage period months. 


Chemical Analyses 

The carotene analyses and determinations were performed well 
mixed fresh material. The analyses for feed constituents were carried out 
material dried 100° forced draft oven for hours and ground 
mesh Christy-Norris hammer mill. The procedures were 
described (1), except that crude fat was extracted with petroleum ether 
(30-60° C.) rather than ethyl ether. 


Palatability Tests 

1954 the palatabilities the four silages were tested with yearling 
heifers duplicated free-choice test. each feeding, 100-pound lots 
each the four silages were placed random two enclosed yards. 
Four yearling heifers were admitted each yard for period hour. 
Free access water and hay was also provided. The remaining portion 
each lot silage was then weighed and the amounts consumed were 
calculated. Three feedings over 2-day period completed the test. 
1956 palatability studies were made using heifers pasture succes- 
sive days. The individual silages were offered free choice randomized 
piles each containing 200 pounds. different lots were provided 
the first day and the remaining eight lots the subsequent day. Accurate 
measurement the silage consumed was made difficult rainy weather. 


EXPERIMENTAL RESULTS 
(a) 1954 Experiments 
Table shows that significant reduction spoilage losses occurred the 
ensiling density was pounds per cubic foot. The 
fermentation intangible loss for forage treated with sodium metabisulphite 
and ensiled density pounds per cubic foot was considerably lower 


TABLE 1.—THE EFFECT INITIAL DENSITY SILAGE LOSSES AND SMALL SILOs, 1954 


Dry matter Losses—% total 
content dry matter ensiled 
Fres ermen- 
forage Silage Spoilage Total 
per cu. ft. 20.4 18.0 4.7 43.2 
Ib. per cu. ft. 24.7 23.6 4.7 13.7 30.9 
Ib. per cu. ft. plus 
Ib. per 23.8 23.6 4.8 14.0 4.9 18.9 
Ib. per cu. ft. 19.6 17.7 3.9 9.7 17.8 
2.4 N.S 8.1 
3.6 N.S 12.3 


} Treatment in duplicate only 


TABLE 2.—ACCEPTABILITY YEARLING HEIFERS FROM FREE-CHOICE OFFERINGS 
SILAGES DIFFERENT INITIAL COMPACTION, 1954 


Silage consumed 


Initial ensiling density per heifer, per 
feed 
Ib. green wt. 
lb. per cu. ft. 2.4 
Ib. per cu. 


ft. 
Ib. per cu. ft. plus per ton 
Ib. per cu. ft. 


L.S.D. P.05 


wo Ano 


TABLE 3.—CHEMICAL COMPOSITION FRESH FORAGE ENSILED 1956 EXPERIMENTS 


Dry matter basis 


heavy compaction. 


(b) 1956 Experiments 


forage showed marked decrease the carotene and crude fat. 


dry matter silages. 
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D.M. pH Crude 
Carotene Protein Fat Ash N.F.E. 
19.8 5.8 76.0 14.1 8.9 43.2 
21.3 5.8 90.6 2:5 30.7 9.2 42.1 
30.3 5.8 14.8 1.9 32.0 8.7 42.7 
36.5 5.6 40.1 1.9 34.2 8.6 41.9 


than untreated forage ensiled similar density. The was lowest 
those silages initially compacted density pounds per cubic foot. 
The more compacted silages were the more palatable (Table three 
feedings, four heifers ate only pounds the lightly compacted silage 
compared total consumption 127.5 pounds silage that had received 


The results chemical analyses the four lots fresh forages used 
the 1956 experiments (Table indicate that the crop was relatively 
uniform its general chemical characteristics. However, should 
noted that the two high dry matter lots obtained field wilting the 


The temperature the silage the top portion the silo was higher 
than the temperature the central area. The mean temperatures were 
calculated for the period days after ensiling and appeared 
closely associated with both the degree initial compaction and moisture 
content (Table 4). The mean silage temperatures decreased the degree 
initial compaction increased. These increases are consistent most 
cases. The mean silage temperatures also tended low the high 
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LEGEND 
Fermentation 
Spoilage 


Silage 


Dry matter 19.8 21.3 30.3 36.5 


Theeffect ensiling density and moisture content losses 1956 experiments. 


The data dealing with ensiling losses are presented Figure and 
Table The total ensiling losses these experiments ranged from 21.4 
per cent 71.9 per cent (Figure 1). Variations moisture content the 
crop the time ensiling had significant effect the spoilage losses. 
However, fermentation losses were significantly reduced the dry matter 
content the forages increased from 19.8 per cent 36.5 per cent. Signi- 
ficant reductions spoilage and fermentation were noted the initial 
ensiling density was increased from pounds per cubic foot pounds 
per cubic foot. 

Changes dry matter content, silage density and dry matter losses 
liquid run-off during the ensiling period are given Table The density 
weight per unit volume the low dry matter forages increased during 
the ensiling period, particularly when initial compaction was light (20 and 
pounds per cubic foot initial density). The density the high dry 


TABLE 4.—MEAN TEMPERATURES TWO LEVELS WITHIN SILOS CONTAINING SILAGES 
DIFFERENT INITIAL DENSITIES AND DRY MATTER PERCENTAGES, 1956 


Mean temperatures related Mean temperatures related 
density dry matter 
Ensiling Top Centre Silage dry Top Centre 
density silo silo matter silo silo 
84.7 80.2 19.8 80.5 
86.4 71.4 80.5 70.6 
67.3 30.3 78.4 72.1 


132 CANADIAN JOURNAL PLANT SCIENCE [Vol. 


TABLE MATTER LOSSES DURING 4-MONTH ENSILING PERIOD DIFFERENT 
DENSITIES AND MOISTURE LEVELS, 1956 


Average losses related Average losses related 
density dry matter 
Ensiling Fermen- Fermen- 
density Spoilage Total D.M. Spoilage Total 
cu. It 
27.6 34.4 62.0 19.8 17.9 33.3 
18.5 27.1 45.6 16.8 26.8 43.6 
11.4 20.3 30.3 16.4 20.8 37.2 
10.4 17.4 27.8 36.5 16.9 18.4 35.3 
6.0 6.1 10.0 N.S 6.1 10.0 
P.01 8.9 8.9 14.5 N.S 8.9 N.S 


matter forages, even when subjected light initial compaction, changed 
very little during the ensiling period. considerable reduction dry 
matter content occurred during ensiling the low dry matter forages. 
contrast, forages high dry matter changed only slightly dry matter 
content. Liquid run-off occurred only from forages approximately 
per cent dry matter less even under the heavier compaction treatments. 
The liquid run-off contained average 4.8 per cent dry matter and 2.1 
per cent protein. 

The results chemical analyses (Table reflect the effects the 
various ensiling treatments. The acidity the silages increased with 
increasing initial dry matter and generally with increasing initial com- 
paction. The correlation coefficients between and fermentation loss 
and between and the change dry matter content were 0.73 and 0.85 
respectively and were highly significant both cases. The low dry 
matter forages showed some loss protein during the ensiled period, 
particularly with light initial compaction. The crude fibre fraction was 
higher silage with less than per cent dry matter, indicating per- 
centage increase this component due the loss some the more 
readily fermentable constituents. The ash content the silages was 
significantly affected the dry matter level, decreasing progressively with 
increasing dry matter content. The correlation coefficient between the 
fermentation loss and the change dry matter after ensiling was 0.83. 
Between the fermentation loss and the ash content was 0.74 and between 
the fermentation loss and the increase crude fibre after ensiling was 0.73. 
These coefficients are highly significant all cases. comparison 
Tables and seen that the carotene level shows higher concen- 
tration per pound after ensiling due the loss other components. This 
indicates that the carotene was well preserved even when the fermentation 
loss was high. 

The animal feeding trials did not produce conclusive data 1956. 
However, the heifers showed some preference for the more heavily com- 
pacted silages. 
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DISCUSSION 
Losses 


Spoilage these experiments occurred only the top section the 
silo. The amount spoilage was inversely related the degree com- 
paction. The amount spoiled silage was not influenced the moisture 
content the crop. Although the per cent loss attributed spoilage may 
appear high, should pointed out that attempt was made 
completely seal out air, but rather perforated type cover that would 
somewhat simulate conditions regular farm silo was used. With such 
spoilage loss half-ton silo would undoubtedly proportionately 
higher than that the standard farm type upright silo. 


Fermentation Losses 


both the 1954 and 1956 experiments the fermentation losses were 
consistently reduced the compaction was increased. the 1956 experi- 
ments fermentation losses were lower the higher dry matter levels. 

During fermentation, the carbohydrate components undergo loss 
conversion volatile acids, carbon dioxide and water. Thus high 
fermentation loss should accompanied decrease the dry matter 
the remaining material. Also, since the mineral content and the crude 
fibre are relatively unaffected bacterial action, the ash and crude fibre 
the dry matter should show apparent increase. The various corre- 
lation coefficients presented support this hypothesis. 

The relationship between pH, fermentation loss, and changes dry 
matter content confirm the general belief that fairly high acidity silage 
can usually regarded indication good silage quality. 
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RESPONSE GREENHOUSE CROPS SUPPLEMENTARY 
ILLUMINATION DURING THE WINTER MONTHS 
NOVA SCOTIA! 


Canada Department Agriculture, Kentville, Nova Scotia 


[Received for publication July 14, 1958] 


ABSTRACT 


Supplementary illumination produced favourable growth response 
regardless the type used. consideration operational costs and 
analysis data from plant top dry weights; plant height; number 
days flowering peas, beans, tobacco, snapdragon and strawberries, shows 
that mercury vapour plus low intensity incandescent light was the best type 
illumination when compared mercury vapour alone, mercury fluorescent 
and incandescent light. 


INTRODUCTION 


areas northern latitude, low light intensity the greenhouse 
from November January limiting factor for growth many types 
greenhouse-grown plants. the Annapolis Valley area Nova Scotia, 
which adjacent the open unfrozen waters the Bay Fundy, this 
condition frequently aggravated during the coldest months the year 
local cloud formation which drifts over the area from the Bay inland 
from the Atlantic Ocean. This results average (42 years) sunshine 
duration 80.3 hours for November, 56.9 hours for December, and 76.9 
hours for January. 

order make use greenhouse facilities during this period 
necessary supplement the natural daylight either intensity 
duration, possibly both. 

The experiment here reported was undertaken determine what 
effects supplemental light from mercury vapour lamps and from other 
sources would have upon plant growth and development during the winter 
months. 


LITERATURE REVIEW 


recent years number investigators, particularly Europe, 
have studied possible methods supplementing greenhouse light during 
the winter period. Lawrence (4) has pointed out that, even within relatively 
short distances England, the light varies degree that major 
factor the production greenhouse crops. 

Canham (1) and Lawrence and Calvert (2) have demonstrated the 
practical and economic value high intensity illumination tomato 
and cucumber seedlings, two major crops the English glasshouse area. 
They considered that this supplementary illumination was most economi- 
cally supplied high pressure mercury vapour lamps. Smeets (8) has also 
demonstrated the value mercury vapour lamps experiments with 
runner production strawberry plants growing the greenhouse during 
the winter months Holland. 


1 Contribution No. 935 of the Horticulture Division, Canada Department of Agriculture, Ottawa, Ont. 
? Horticulturist (Small Fruits), Experimental Farm, Kentville, N.S. 
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Following observations plant growth under number different 
types lights, Roodenburg (5) concluded that from the standpoint 
economics and growth response, mercury vapour lamps were superior 
any other type artificial illumination currently available. However, 
also indicated (6) that 500-w. incandescent light gave better plant develop- 
ment than mercury vapour light when applied during the daylight hours 
without increasing the photoperiod. Because the higher temperature 
under the incandescent lights this could have been thermal effect, although 
these temperatures did not cause stem elongation there was increase 
day length. 

The conclusion that incandescent supplementary light could only 
used without excessive stem elongation the photoperiod was equal 
less than the natural one was further discussed later paper (7). 
contrast, mercury vapour light could used extend the photoperiod 
without causing this undesirable effect. 


MATERIALS AND METHODS 


Plants strawberry (Fragaria vesca L.), tobacco (Nicotiana Tabacum 
L., var. Delcrest), tomato (Lycopericon esculentum mil, var. Ken), pea, 
(Pisum sativum L., var. Peter Pan), bean (Phaseolus vulgaris L., var. K.53), 
and snapdragon (Antirrhinum majus var. Prestige), were used this 
experiment, and were grown John Innes type compost (3) which was 
supplied with plant nutrients. The strawberry plants were clonally prop- 
agated from homozygous seedling selections. The tobacco 
dragons were pricked off from seedling flat 5-inch pots, and the 
tomatoes 6-inch pots. The peas were reduced from seedlings 
per 6-inch pots, and the beans were reduced from seedlings per 
8-inch pot. 

The plant material was grown from December 1957, until January 
31, 1958, shown Figure 


Sources Artificial Light 
The following sources artificial light were used: 


Two type MA/H 400-watt horizontal high pressure mercury supplying 438 

Two type MA/H 400-watt horizontal high pressure mercury vapour lamps plus 
four 100-watt incandescent lamps supplying 570 

One type 400 mercury fluorescent lamp supplying 480 This vertical 
approximately inches long and inches diameter. Within the visible spectrum 

cent the spectral energy the violet-blue range, per cent the green-yellow 
per cent the orange-red. The type lamp not colour corrected. 
Three 500-watt incandescent lamps supplying 1425 
Three 200-watt incandescent lamps supplying 720 


the beginning the experiment the various lamps were adjusted 
height inches above the seedling plants and the plant height 
increased the lamps were readjusted. Because the lack uniformity 
illumination the bench area the crops were rotated crosswise and 
lengthwise the bench every second day. The number supplied 
the light sources were calculated bench level. All treatments, with the 
exception the natural daylight control, received continuous illumination 
from a.m. p.m. daily for their entire growth period. 
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Figure Greenhouse arrangement plants and illumination showing two mercury 


vapour and the supplementary incandescent lamps. 
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The spectral energy distribution* the different types lamps 
varies considerably. The mercury vapour lamp produces large pro- 
portion spectral energy the green-yellow range (5000-6000A). 
contrast, the mercury fluorescent lamp produces considerably more energy 
the orange-red range (6000-7000A) and incandescent lamp produces 
more energy the red range (6600-7600A) than either the mercury vapour 
the mercury fluorescent lamps. 


The different light arrangements were not adjusted supply equal 
radiant energy. Because the different types lamps used, would 
have been necessary measure the amounts energy supplied each part 
the visible spectrum. Equipment make these measurements was not 
available. Possibly the lamps used did not produce light saturation any 
part the visible spectrum; therefore, the rate photosynthesis would 
vary between lamps they were adjusted the basis total energy only. 

Vince and Stoughton (9) state that little known about the varying 
spectral composition the photosynthetic rate higher plants and that, 
intensities below the saturation value, differences the rate photo- 
synthesis will become apparent and can related the pigment the 
plant. Such considerations are beyond the scope this paper. 


Plot Arrangement 


The most important comparison the present experiment was be- 
tween mercury vapour lights alone and mercury vapour plus incandescent 
lights. these plots and the natural daylight control pots each peas, 
beans and tomatoes, and pots snapdragons, tobacco and strawberries 
were grown. the other treatments, mercury fluorescent light and 500-w. 
and 200-w. incandescent light, the plot size was restricted one-half these 
numbers pots. Temperatures bench level under the various lamps were 
approximately the same with the exception the 500-w. incandescent lamps. 
Under these lamps the temperature bench level was about 10°F. higher. 


During the period which the plants were growing the greenhouse 
the daily average sunshine was follows: December (6-31) 1.7 hr.; Jan- 
uary (1-31) 1.9 hr. The 42-year daily average for December 1.8 hr.; for 
January 2.4 hr. 

Measurements were taken when each crop had finished flowering. 
Dry weight the above-ground portion the plant, number days 
flowering and plant height were recorded. 

With these data was found that the contribution the different 
light source groups the error sum squares the analysis variance 
differed greatly from group group. Because this the use pooled 
estimate the error variance was considered questionable pro- 
cedure. Separate standard errors were, therefore, calculated for each light 
source for each the three measurements. 

For convenience, the treatments will abbreviated the tables 
follows: MA/H 400-w. high pressure mercury vapour lamps M.V.; 
incandescent lamps Type 400-w. mercury fluorescent lamps 
M.F.; watts 


* Correspondence. Canadian General Electric Co., Ltd., Toronto. 1958. 
Correspondence. Amalgamated Electric Corp., Ltd., Toronto. 1958. 
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RESULTS 


The influence the different types supplementary light the 
performance the crops was recorded the basis plant top dry weight 
(Table 1), plant height (Table 2), and number days flowering (Table 3). 
Within these tables comparison was made (a) the relative effectiveness 
the mercury vapour alone, and (b) the relative effectiveness 
mercury vapour plus incandescent light. 

From the standpoint electrical power consumption the 500-w. 
incandescent lamps utilize 3.3 times much power the mercury vapour 
lamps for equal wattage per square metre bench. comparison, the 
200-w. incandescent lamps utilize 1.6 times much electrical power. 

the mercury fluorescent and mercury vapour treatments cellular 
necrosis occurred the areas adjacent the veins bean leaves, which 
resulted puckering and distortion. The bean flowers were also deformed 
these treatments. This type injury did not occur the presence 
incandescent lights. 


DISCUSSION 


Plant growth expressed dry weight and plant height and the 
number days flowering were significantly poorer the natural daylight 
treatment. the basis visual observation the plants growing natural 
daylight were greatly inferior those receiving artificial illumination. 
This points out the fact that, regardless the type supplementary 
illumination used, favourable growth response occurred. 

From this study concluded that mercury vapour lamps may 
considerable value for the improvement plant growth various crops 
the greenhouse during the winter months, particularly they can 
supplemented with incandescent lamps order provide the red light not 
available from the mercury vapour results support and 
extend the findings reported Roodenburg (5,6) based research 
Europe. The stem elongation effect added incandescent light (7) was 
only noticeable with beans and tobacco (Table 2), possibly because there 
was only slight lengthening the photoperiod. Higher intensity in- 
candescent light itself made little further difference (Table 2). 

Mercury fluorescent lamps, though emitting higher proportion 
orange-red light, were found inferior mercury vapour lamps. 
Their initial installation cost also high and, because the type bulb 
construction, the area which single lamp illuminates relatively small. 

Although the use 500-w. incandescent lamps resulted the greatest 
accumulation dry matter (Table 1), part their response was un- 
doubtedly thermal. The cost operate this type lamp does not warrant 
its use. 

For accumulating dry matter, Table indicates that 200-w. incandes- 
cent lamps are equal better than mercury vapour lamps alone. Snap- 
dragons are the one exception. 

The principal advantages that mercury vapour plus low intensity 
incandescent lamps have over 200-w. incandescent lamps are: (a) mercury 
vapour lamps provide more uniform light over given area, (b) mercury 
vapour plus low intensity incandescent lamps have lower operating cost. 
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TABLE 3.—MEAN DAYS FLOWERING GREENHOUSE CROPS 
GROWN UNDER SUPPLEMENTARY LIGHT 


Treatment Beans Tomatoes Peas Snapdragons 
(days) (days) (days) (days) 

+29 .02 +48 .06 .03 +52 .08 
200-w. +29 .06 +48 .03 0.3 .50 
+*30 .05 +47 .07 +51 .57 


NOTE: Figures given are the means and their standard errors. 
ae — had not reached the flowering stage at the time of concluding this experiment 
6 
*Indicates that the mean number of days to flowering is significantly greater than that of the 
M.V. treatment. 
+Indicates that the mean number of days to flowering is significantly greater than that of the 
M.V. +I treatment. 


This experiment has shown that, with the crops tested, some type 
artificial illumination necessary they are grown for research 
purposes during the winter months. The mercury vapour plus low intensity 
incandescent lamps are suitable for this purpose, and the installation 
economically feasible for any research establishment. 
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THE INHERITANCE LEAF SIZE BROADLEAF BIRDSFOOT 
TREFOIL, LOTUS CORNICULATUS 


Canada Department Agriculture, Ottawa, Ontario 
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ABSTRACT 


The inheritance leaf size was studied crosses involving the large-leafed, 
corniculatus var. vulgaris and the small-leafed, corniculatus var. arvensis. 
Results indicate the genetics this character relatively simple that 
appears mainly under the control alleles one locus. These alleles 
show dominance and there evidence that the allelic interaction 
geometric nature rather than arithmetic. Backcross ratios 1:4:1 and 
1:2:2:1 were obtained which are indicative autotetraploid segregation 
where the chromosomes pair random. However, factorial hypothesis 
established wholly this simple basis does not satisfactorily explain the 
results. Gene interactions, which present are unknown, are thought 
involved. 

Cytological examination the parent plants showed chromosome pairing 
chiefly bivalents. Quadrivalent formation was rare. this species 
autoploid origin the backcross ratios indicate, the process reversion 
the diploid type chromosome behaviour fairly complete, and there- 
fore disomic, tetrasomic and disomic-tetrasomic ratios can expected. 


INTRODUCTION 


Most the investigational work with birdsfoot trefoil has been con- 
fined studies other than genetic. This limitation has been due, part 
least, the fact that birdsfoot trefoil has not been widely grown 
and has, therefore, not been considered important certain other 
forage legumes. Another contributing factor may have been the antici- 
pated difficulty working with largely self-sterile, tetraploid species. 
However, the increasing popularity the crop recent years, and 
clearer appreciation its potentialities replacement for alfalfa, alsike 
ladino clover under certain conditions, seemed warrant more in- 
tensive study the species particularly from genetic standpoint. 

Since leaf size associated with growth, and hence yield, wasffelt 
that the most useful information would come from investigation into 
the inheritance leaf size, large differences which exist between types 
within the species. Typical the extremes found are the large-leafed, 
vigorous growing, corniculatus var. vulgaris generally considered 
being native southern Europe, and the indigenous English type, cornic- 
ulatus var. arvensis characterized its small leaves and weak decumbent 
growth. Starting with two plants, one believed representative 
each these two varieties, study was undertaken the greenhouse 
determine the number and mode action the genes governing leaf size. 


REVIEW LITERATURE 


Dawson (2), Bubar (1) and Hart and Wilsie (8) have 
ploid segregation birdsfoot trefoil. 
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Little (9, 10) has reviewed the literature and discusses theories and 
experimental data published gene segregation autotetraploids. 
points out the two main differences between diploid and tetraploid genetics. 
These are the inapplicability the concept 
diploid genetics the tetraploid situation, and the effects which certain 
cytological phenomena have segregation tetraploids. 


Single gene tetraploid ratios, unlike the equivalent diploid ratios, are 
influenced markedly certain cytological phenomena. Such variable 
factors pairing, multivalent formation, non-disjunction, chiasmata and 
the position the gene the chromosome relation the centromere 
can affect tetraploid ratios. This being the case precise mathematical 
analysis such ratios often difficult and may impossible. 

Gregory (5) studied the inheritance style length the autotetra- 
ploid form Primula sinensis. Results were explained the basis 
duplicate factor mechanism where was assumed that pairing always took 
place between maternal and paternal chromosome. Muller (16) pointed 
out the error this assumption and postulated that pairing took place 
random between any two the four homologous chromosomes regardless 
their origin. claimed that Gregory’s ratios could better explained 
random chromosome segregation. 

Haldane (6) calculated autotetraploid ratios where random assortment 
chromatids was assumed rather than random assortment chromosomes. 
Mather (14) pointed out the fallacy regarding those two segregations, 
“chromosome” and separate and distinct fixed ratios— 
chromatids the first meiotic division separate into four pairs 
during gamete sister chromatids could not enter the same 
gamete, then definite segregation ratios could calculated diploid 
genetics but result multivalent formation some all the gametes 
can receive more than one strand from the same configuration. 

If, through crossing over, equational rather than reductional separa- 
tion for gene locus occurs during the first meiotic division, the two alleles 
the same chromosome can enter the same nucleus, but they will 
attached separate centromeres that they can eventually occur 
the same gamete. Mather (13) terms this process ‘‘double reduction” 
which states dependent the genetic distance the locus 
from the spindle attachment being function the frequency equational 
separation the locus and the frequency non-disjunction the 
equationally separating The product the mean frequencies 
these two quantities which terms and respectively, gives index 
separation, alpha, which can used characterize observed ratio 
terms cytological behaviour. Fisher and Mather (4) have shown that 
one such index would equally applicable simplex, duplex and triplex 
hybrids. 

The value can vary from zero one the crossover percentage 
between the gene and centromere varies from zero per cent. The value 
will vary from zero, when quadrivalents are formed, one-third, 
the random value obtained when the chromosomes always associate 
quadrivalents. thus seen that the index, alpha, can have value 
ranging from zero one-third. 
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Top bottom and left right, pairs, showing typical leaves parents 
and RP, selections and and first-backcross selections and 
BC,S106. 
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Autotetraploid ratios expected the basis the hypotheses Greg- 
ory (5), Muller (16), Haldane (6), and Mather (14) are shown Table 
Little (9). Gregory’s ratios could obtained where pairing takes place 
only between chromosomes opposite parents and this would not likely 
occur any case, particularly where quadrivalent formation was prevalent. 
Muller’s ratios are unaffected the presence absence quadrivalent 
formation long crossing over between the gene and centromere does 
not occur. obtain Haldane’s ratios the random value for required 
and must equal six-sevenths, which its random value. obtain 
Mather’s ratios the same situation with respect must prevail, and 
equal one, which its maximum value. Therefore, obtain Haldane’s 
and Mather’s ratios, extensive quadrivalent formation necessary. 


MATERIALS AND METHODS 


Two plants form the basis for this study. Plant having large leaves 
(Figure was selected from the variety Cascade which was derived from 
European introductions (17). Selection was made from greenhouse-grown 
population and this particular plant was prominent among the others 
because its large leaves and vigour growth. Plant RP, having small 
leaves (Figure was selected from introduction nursery planting 
seed lot obtained from the Royal Botanical Gardens, Edinburgh, Scotland. 


1954, small population the cross was grown the 
greenhouse and one plant selected random for backcrossing both 
parents. The following year, populations 110-115 plants from the 
and from each the two backcrosses were grown the same time the 
same greenhouse sand-nutrient solution culture. Leaves from 100 
the plants each population were measured with photoelectric device. 
the basis these measurements one small- and one large-leaf plant 
from the and backcross parent plant populations were selected 
and backcrossed the parent (Figure 1). These selections are herein- 


1956, the four populations from the backcrosses the selections 
the parent, also consisting 110-115 plants, were grown along with 
stem cuttings each the plants involved the crosses. Leaves 
from 100 plants each population and the stem cuttings each 
plant were measured. 

1957, another population was grown because inconclusive 
results obtained 1955. 

All crossing was done the greenhouse unemasculated florets. 
The high degree self-sterility reported this species other workers 
(12, 15, 18, 20) was found hold true for the parent plants. Therefore, 
emasculation was considered unnecessary. 

Plants were started 2-inch clay pots filled with equal parts sand 
and vermiculite. Transplanting the V-bottom steel benches was done 
between the 6th and 8th week. Spacing between plants varied from 
The foliage each plant was held wire plant support. All 
populations were grown without supplemental light the period April 
October. 
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the time sampling, the whole plant was cut off and two three 
the largest stems selected. Portions the mid-sections these were cut 
out and taken the laboratory for leaf measurements. The number 
leaves measured per plant 1955 was 1956, and 1957, 10. 

The photoelectric device used 1955 did not prove satisfactory. 
1956 and 1957, leaves were measured with device similar that 
described Donovan, Magee and Kalbfleisch instrument 
provided rapid and accurate means for measuring large number 
leaves. The data for 1956 and 1957 were subjected the graphical analysis 
outlined Harding (7). 

This method makes use arithmetic probability graph paper which 
divided into equal scale units along the sides and percentages from 
.01 per cent 99.99 per cent along the bottom. From Figure noted 
that these percentage scales are not evenly spaced, but the per cent 
mark approached they become smaller and smaller, whereas between 
per cent and 99.99 per cent the opposite occurs. These scales are 
such size that, when normally distributed population plotted, the 
points fall straight line. The position this line dependent the 
population mean, i.e. the point which the straight line intersects the 
vertical for per cent. determined the population’s stand- 
ard deviation, other words, where cuts the verticals for 15.87 per 
cent (16.0) and 84.13 per cent (84.0). 

readily seen that deviations from normality, they are all 
significant, will show departures from linearity when any such 
population plotted. Data may plotted two ways. They may 
grouped first frequency distribution and the mid-points the several 
classes plotted cumulative percentages; they may ranked from 
lowest highest and the actual values percentage intervals plotted. 
Both methods were used here. 

Ungrouped data were plotted percentage intervals first, obtain 
accurate estimate possible the number plants each the 
component sub-populations within the large population. This was the 
chief reason for measuring exactly 100 plants from each population. Each 
plant was then per cent the total and 100 points were available for 
the graphical test normality. When this was done the data were then 
grouped frequency distributions for the chi-square test. The same class 
interval, 0.45 sq. cm., was used all four the 1956 populations provide 
basis for their easy comparison. For three these this provided suffi- 
cient number classes and consequently sufficient number degrees 
freedom for the chi-square test, but for the second-backcross population, 
this was not so, and result the class interval had 
reduced 0.35 sq. cm. 

the application the chi-square test the theoretical population 
distribution calculated the basis the postulated ratio and first using 
sub-population means and standard deviations which have been estimated 
inspection the curve for the ungrouped data. varying these latter 
through system trial-and-error the situation established which best 
fits the observed data. The chi-square values for each the frequency 
pairs are then summed and this figure interpreted terms the number 
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degrees freedom available. This number equal the total number 
frequency pairs minus for each sub-population mean, minus for each 
standard deviation, minus for each sub-population less and minus 
for the total. 

Because the effect that cytological phenomena can have tetra- 
ploid ratios the parent plants were examined cytologically. For meiotic 
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Ficure data from first-backcross populations plotted percentage 
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studies, flower buds were fixed 3:1 solution absolute alcohol and 
glacial acetic acid. this state they were stored for weeks refrig- 
erator allow the cells harden somewhat. The anthers were then 
removed from the flower buds and placed drop aceto-carmine. 
cover slide was placed over the drop and the slide heated steam bath. 
After heating, the slide was placed between blotters and the cells smeared 
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Ungrouped data from second-backcross populations plotted per- 
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CLASS INTERVAL 


Data from first- and second-backcross populations grouped fre- 
pressing directly the cover slip. The cover slips were then sealed 
with 1:1:1 mixture aceto-carmine, corn syrup and Certo and the slides 
dried overnight hot plate. 


EXPERIMENTAL RESULTS AND DISCUSSION 

1955 Data 

These data did not provide satisfactory analysis the three popu- 
lations grown, i.e. RP, BCA and BCRP. has been concluded 
that this was due certain inadequacies measurement and abnormally 
high greenhouse temperatures which probably had detrimental effect 
normal growth and development the plants. When the data were 
plotted probability graph paper, some deviations from linearity occurred, 
which suggested segregation, but these did not show any marked 
extent the frequency distributions. was, therefore, concluded that the 
data did not warrant any critical consideration. 


1956 Data 

The data from the two first-backcross populations, and 
and the two second-backcross populations, and 
are shown plotted percentage intervals arithmetic 
probability graph paper Figures and respectively. These same data 
are grouped frequency distributions Figure 
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B) BC, — A x F,L14. 


The class mid-points the four populations are plotted arithmetic 
probability graph paper Figures and along with their calculated equiv- 
alent points from the chi-square test. The postulated component sub-popu- 
lations are shown these figures straight lines, the resultant which 
the curve formed the calculated points. Examination the graphs 
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CUMULATIVE 


and frequency distributions describing the data from these four backcross 
populations indicates segregation into very well defined sub-populations. 

the frequency distribution trimodal. Figure 2A, where the ungrouped 
data are plotted percentage intervals, there very sharp break the 
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curve between per cent and per cent. Likewise between per cent 
and per cent there another sharp break. would then appear that 
this population consists three sub-populations the relative proportions 
per cent, per cent, and per cent which approximates 1:4:1 ratio. 

One further comment must made about this curve and that concerns 
the distortion which appears between per cent and per cent. 
not felt that this indicates further division but merely represents excess 
individuals very close the mean this sub-population which com- 
prises some per cent the total population. The large modal class 
that occurs the frequency distribution would result from such situ- 
ation. 

The graph the ungrouped data and the frequency distribution for 
BC, (Figures and 4B) also indicate trimodality with the 
component sub-populations about the same relative proportions, i.e., 
1:4:1. Here the division between the lower and middle sub-populations 
not well marked however. This due the closeness the two sub- 
population means, 5.65 sq. cm. and 6.95 sq. cm., which has resulted 
their overlapping considerably. The curve distortion which marks the 
division between these two sub-populations largely the result the 
difference between the standard deviations. The standard deviation 
the lower sub-population 0.20 sq. cm. less than one-third that for 
the middle sub-population. 

Two other differences exist between the graphs BC; 
and BC, First, there well-marked distortion the 
centre the curve for and, second, this curve changes 
direction per cent instead per cent. Nevertheless, considerable 
degree similarity occurs between the two curves over some five-sixths 
their length. Because this, and the small differences between the 
means the two pairs opposite sub-populations, the question raised 
whether these sub-population pairs may not the same phenotype. 
Evidence which suggests that they are will presented later. 

Considering BC, BC,S106, readily seen from the graph 
the ungrouped data Figure that the curve appears more less 
symmetrical about the mid-point. The curve actually changes direction 
between per cent and per cent. the left, between per cent and 
per cent, there distinct though not sharp change direction, 
whereas the right, beginning per cent there much less marked 
direction change. This population then appears consist four sub- 
populations the ratio 1:2:2:1 and differs from BC; and 
BC, only that the curve here between per cent and 
per cent indicates the existence two sub-populations instead only one. 


This quadrimodality not particularly well expressed the fre- 
quency distribution. While there are two peaks the left, representing 
the modal classes the two lower sub-populations, there ony one peak 
the right where two other sub-populations are indicated the graph 
the ungrouped data. Further examination this graph discloses that the 
values the mid-points these two sub-populations, which should approxi- 
mate the means, are 9.95 sq. cm. and 10.90 sq. cm., and hence are less than 


April, DONOVAN—BROADLEAF BIRDSFOOT TREFOIL 151 


TABLE 1—AVERAGE LEAF AREA IN SQ. CM. OF PARENTAL 
PLANTS AS DETERMINED FROM CLONE MEASUREMENTS 


Plant Leaf area sq. cm. 
4.29 
F,L14 6.44 
BC,S106 5.71 
BC,L99 9.96 
10.52 
L.S.D. 0.58 
L.S.D. 0.78 


1 Clones from RP were not included in the greenhouse planting. This 
figure represents the average of 25 leaves taken from the parent plant which 
was growing in a pot in the greenhouse. 


TABLE 2.—PAIRING RELATIONSHIPS THE TWO PARENT PLANTS AND RP, METAPHASE 
AND DIAKINESIS EXPRESSED THE AVERAGE NUMBER THE DIFFERENT ASSOCIATIONS 
FOUND THE CELLS EXAMINED 


No. Association chromosomes! 
plant cells examined I Il Ill IV 


1The multiplication of any value in the table by its appropriate association number, i.e. 1, 2, 3 or 4, 
will indicate the average number of chromosomes per cell involved in that association. This number multiplied 


by 4 Bives the percentage of the 2N chromosome number involved in the particular association. 


With class interval 0.45 sq. cm. obvious that 


these two sub-populations would appear they the frequency dis- 
tribution. 


Figure ,where the ungrouped data from BC,L99 are 
plotted percentage intervals, noted that the curve shows three 
distinct direction changes. The first occurs around per cent, the second 
near per cent, and the third begins per cent. This condition 
indicative four sub-populations which appear exist the ratio 
These four sub-populations show distinctly when the data 
are grouped frequency distribution, shown Figure 4d. 


Parental Clone Measurements and Cytology 


The results from the leaf measurements parental clones are shown 
Table 


Table summarizes the observations made meiosis the two 
parent plants. Both plants showed low frequency quadrivalent for- 
mation but occasional cell showed two three. 


Likewise, the occurrence univalents and trivalents was very low, 
most pairing resulting the formation bivalents. From these obser- 
vations indicated that, this species autoploid origin, the process 
chromosome differentiation fairly complete. 


_ 
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Ficure grown 1957. graph ungrouped data and frequency dis- 
tribution; results analysis. 


The low incidence quadrivalent formation does 
rule out the possibility autoploid origin Dawson (2) has pointed out. 
The occurrence tetraploid inheritance the chief criterion auto- 
tetraploid. this species autotetraploid, then ratios based the 
hypothesis Haldane (6) that Mather (14) cannot considered 


be 
P 
F 
o! 
d la 
d 
a 4 


April, 1959] DONOVAN—BROADLEAF BIRDSFOOT TREFOIL 153 


because the low frequency quadrivalent formation. Since the ratios 
Gregory (5) are based the unsound assumption that the chromosomes 
the one parent always pair with those the other, his hypothesis cannot 
considered either. Therefore, only the ratios Muller (16) could 
expected this species autotetraploid. Assuming dominance the 
1:4:1 and 1:2:2:1 ratios obtained conform Muller’s hypothesis and 
must regarded evidence that Lotus corniculatus autoploid origin. 


1957 Data 


The analysis the data shown Figure Since the curve 
symmetrical bimodal then the presence two sub-populations equal 
proportions indicated. thus seen that the selections made from the 
population 1955, i.e. and represented complete sample 
the genotypes. 


comparing the average leaf size the plants and 
determined from clone measurements 1956, shown Table with 
the mean the appropriate sub-population this population, quite 
large differences are noted. This inhibiting leaf growth 1957 might 
attributed prolonged periods high temperature midsummer, which 
did not occur 1956; the use thick layer shading compound 
the glass attempt reduce inside temperature; combination 
both. any case there was evidence abnormality the development 
the plants more than month before the leaves were measured. Flower- 
ing started about mid-July 1956 but stopped abruptly before fewer 
than per cent the plants had bloomed. 


Integration Findings 

Table schematic presentation the 1956 data showing the 
relationships which exist between the populations, their sub-populations, 
and the parental plants involved. The solid lines identify the populations 
with the sub-population from which their non-recurrent parent was selected. 
Sub-population means, the mid-points between them, and the parental 
plant means are grouped classes. 


Examination the class ranges shows that, with two exceptions, 
there remarkably little variation within the classes. Class the 
average leaf size the plant F,L14 6.44 sq. cm. not considered 
truly representative. Stem cuttings this plant did not root readily and 
result were behind the others throughout much the growth period. 
addition this the leaves the time sampling showed some disease 
infection. However, this plant could not account for more than .16 the 
variation since there one sub-population with mean 6.60 sq. cm. 
this class. 


Examination Class shows that .76 the range can attributed 
the plant the average leaf size which was found 9.96 
sq.cm. This value too large considered reasonable estimate 
the leaf size this plant. Since the plant was selected from first back- 
cross population there doubt that must belong this class. The high 
value obtained for its leaf size must then attributed unknown 
error. spite these two discrepancies once obvious that the 
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populations fit very well into organized pattern. Even though this the 
case number anomalies the data seem preclude the postulation 
comprehensive genetic scheme for the inheritance leaf size. The 
first these involves the F;. Segregation this population into two 
distinct phenotypes occurred, yet backcrossing both these gave 
1:4:1 ratio. Assuming homozygosity the recurrent parent, such 
ratio suggests duplex constitution where there dominance and which 
turn suggests that the small- and large-leaf parents were essentially 
quadriplex for small- and large-leaf genes respectively. This situation 
presented opportunity test the theory MacArthur (11) and Smith 
(19) that size gene effects tend accumulate geometrically. Assigning the 
letter the gene for leaf size and differentiating between the large- 
and small-leaf alleles the use the subscripts and respectively then 
the theoretical geometric mean the duplex genotype was shown be, 
the observed value 4.29 sq. cm. for the plant which were 
not for the fact that was also essentially duplex its behaviour 
could unreservedly accepted support for MacArthur’s and Smith’s 
theory, least far these data are concerned. 


matter interest the geometric mean triplex genotype was 
calculated and found 4/1.70 6.67 sq. cm. 
This value very close the observed mean 6.44 sq. cm. for FiL14 
which creates the ambiguous situation where phenotypically the plant 
seems triplex but genetically behaves duplex. 

Considering the first backcross population, appears 
that the F:S86 phenotype has been recovered and such its mean close 
the calculated duplex geometric mean. Likewise the mean the middle 
sub-population 6.60 sq. cm. approximates the calculated triplex geometric 
mean, such genotype being expected four-sixths the progeny 
duplex quadriplex cross. This scheme projected the third sub-popu- 
lation would require that consist individuals quadriplex for large-leaf 
alleles and consequently have average leaf size equal that the 
large-leaf parent. Such does not appear the case since the mean 
this sub-population 1.47 sq. cm. less than that for parent 

indication the difference genetic make-up between and 
obvious that the only essential difference between these two populations 
found the difference between the means the two small-leaf sub- 
populations. The mean this sub-population BC; larger 
the difference between and F,L14 and consequently has the same 
relationship with the first two sub-populations Two 
other characteristics this sub-population are its rather small standard 
deviation shown Figure and that represents transgressive 
segregate. 

Considering the probable genetic constitution would seem 


from its backcross performance that was duplex with some difference 
between the pair small-leaf alleles. Identifying this different allele 
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the subscript then the genotype can written thus, 
This genotype would expected produce four types gametes 
and these the ratio 1:2:2:1. This does not 
appear have been the case unless phenotypically indistin- 
guishable from 

Further information about obtained from the 
immediately noted from the 1:2:2:1 ratio that must have been 
genotype similar that considered for above. obvious 
though, from the size the sub-population means, that one more other 
factors were operating. was because this that further speculation 
about size gene effects was considered unwarranted. parental pheno- 
type appears have been recovered this population and the large-leaf 
sub-population transgressive segregate. 


BC, presents ratio for which plausible genetic 
explanation has yet been found. The 4:4:3:1 ratio unusual one 
but when the population divided this basis the sub-population means 
fit well into the over-all scheme that this considered evidence 
its validity. apparent that BC,L99 was not quadriplex. Trans- 
gressive segregation both directions has occurred and three the segre- 
gates appear the equivalent the BC,L99 and parent 
phenotypes. The fourth segregate represents gain 1.03 sq. cm. leaf 
size over the large-leaf parent. This raises the interesting point just what 
would the ultimate gain leaf size through further backcrossing and 
whether, intercrossing plants the ultimate genotype, strains 
cient hardiness could isolated which would use establishing 
new variety having greater seedling vigour and yielding capacity than 
current varieties. duplicate this program, using selection from the 
adapted commercial variety Empire the small-leaf parent, might offer 
greater chance for success. 

summarize these findings must said that unequivocal 
factorial explanation for any the population ratios cannot given. 
Leaf size appears mainly controlled one gene which inherited 
tetrasomically. This gene shows dominance and there some evidence 
that allelic interaction tends geometric nature. However, the 
exact mechanics the interactions which appear involved remain 
obscure. Further understanding the inheritance leaf size must await the 
study additional backcrosses. 
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SAMPLING FOR SEED WEIGHT DETERMINATIONS 
BROMEGRASS, BROMUS INERMIS 


Iowa State College, Ames, Iowa 


[Received for publication October 16, 1958] 


ABSTRACT 


Topcross seed five clones bromegrass was used study calculate 
the optimum sample size and number for determining seed weight. Factors 
considered were: number seeds per sample, number samples, analysts, 
counting time and weighing accuracy and time. Using coefficients 
variation estimates statistical precision, was found that two samples 
100 seeds per clone resulted maximum efficiency. 


the past few years increased seed weight has become important 
breeding objective several perennial grasses. Interest improving this 
trait was prompted several studies (1, 4,) which have shown positive 
relationships between this trait and both stand establishment and seedling 
vigour. New varieties with heavier seed also would facilitate handling 
ease during harvesting, cleaning, and planting operations. 

Two the problems involved program designed increase seed 
weight perennial grass such bromegrass are: (a) the optimum sample 
size (number seeds per sample) and (b) number samples needed for 
accurate determination seed weight differences among selections. The 
desired solution would sampling technique which yields statistical 
precision reasonable cost. The present study was undertaken 
obtain information these problems conjunction with more extensive 
research variability and inheritance seed weight bromegrass. 


MATERIALS AND METHODS 


1956, four samples 300 seeds each 209 clones bromegrass 
diversified origin were counted and weighed. The mean sample weights 
differed significantly per cent level), ranging from 0.60 1.26 grams. 
The coefficient variation (C.V.) for samples this size was approximately 
per cent. However, since almost hour was required count and 
weigh four samples, this procedure would too costly use routine 
basis. Consequently, topcross seed these clones, with mean weights 
0.69, 0.82, 0.99, 1.04, and 1.15 grams per 300 seeds, was chosen for 
study optimum sample size and number. Variables which seemed 
worthy attention regard practical sampling procedure were: 
number seeds per sample, number samples, analysts, counting time, 
weighing accuracy, and weighing time. Five sample sizes, namely, 25, 
50, 100, 200, and 300 seeds, and three persons for counting, designated 
and were used. 

4 Journal Paper No. J-3509 of the Iowa Agricultural and Home Economics Experiment Station, Ames, 
Iowa. Project No. 1333. 


Ms Graduate Assistant and Professor of Farm Crops, Agronomy Department, Iowa State College, respec- 
tively. 
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Topcross seed each clone was thoroughly mixed and small amount 
placed diaphanoscope, after which each analyst counted and weighed 
four samples each size. During counting, the analyst endeavoured 
take seeds random with selection except ensure that each seed had 
caryopsis and hull. Samples were placed packets numbered from 
according the order taken. this manner, each analyst processed 
total 100 samples. 


Seed weights were recorded the nearest .0001 gram precision 
balance for samples and seeds. For the other three sample sizes, 
weights were recorded the nearest .01 gram torsion balance. 
addition, the time intervals required count and weigh each sample 
were recorded and used estimations relative costs. The time re- 
quired mix the seed, remove replace the packets, and place 
the scales, was not included, since this was comparable for all sample 
sizes. 

analysis variance was computed the entire seed weight data. 
Then, analyses were made simulated experiments where only two 
three samples every four were used. was realized that differences 
weighing accuracy introduced some bias. However, this choice was 
made from practical standpoint, since weighing accuracy for the two 
smallest samples would have been poor torsion balance and weighing 
time for the three largest samples the precision balance would have been 
increased considerably. determining optimum sample size, therefore, 
statistical precision weighing accuracy was not considered major 
significance was felt that absolute variance was importance only 
relation the mean each particular sample size. Thus, coefficients 
variation were used basis estimating statistical precision, while 
efficiencies various combinations sample sizes and numbers were 
evaluated joint consideration C.V.’s and estimated relative costs. 


RESULTS AND DISCUSSION 


the analysis variance the entire seed weight data, the total 
variance was partitioned into components due sample sizes, analysts, 
clones, and each the interactions. Mean differences among sample 
sizes were not significant when tested against the variance for within sets 
samples, indicating consistent bias for given sample size. expected, 
differences among clonal means greatly exceeded the per cent level 
significance. The mean squares for analysts and for interactions analysts 
sample sizes and analysts clones were significant. This indicates that 
the analysts did not select seeds random when counting and, further- 
more, the significant interactions indicate that they were not consistent 
methods selection for all clones and sample sizes. Part this diffi- 
culty could overcome having one analyst all the evaluations, 
rather than having different analysts evaluate different selections. 

With the exception the 25-seed samples, differences among analysts 
probably were not large enough considered important. This 
illustrated Table with data from Clones 507-88 and 129-12 which had 
the heaviest and lightest seed, respectively. order facilitate com- 
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TABLE 2.—COEFFICIENTS OF VARIATION AND TIME REQUIRED FOR 
COUNTING AND WEIGHING DIFFERENT SAMPLE SIZES 


Number Number Total time 

required 

samples variation per sample 

(minutes) 
300 2.53 8.8 
200 2.72 
100 3.03 3.4 
3.85 1.8 
1.0 
300 2.23 8.8 
100 
3.89 
4.83 1.0 
300 2.23 8.8 
200 
100 
3.68 1.8 
6.74 1.0 


1 Based on first two samples counted by each analyst 
? Based on last two samples counted by each analyst 


parisons, all means were converted 300-seed basis, and designated 
means. The greatest difference among the comparable 
means for samples larger than seeds was per cent the grand mean 
either clone. difference larger than this was noted the data 
obtained for the other three clones. With samples seeds, however, 
greater differences were obtained. 


study the problems sample size and number samples, the 
data obtained for each sample size were analysed separately, either 
using all twelve samples each clone together using two groups 
six samples per clone. the latter instance, the first group consisted 
the first two samples clone counted each analyst while the second 
group consisted the last two. This procedure subject criticism be- 
cause the systematic selection. was felt that any bias 
introduced would desirable from the standpoint interpretation 
sampling procedures, since differences between the two groups would 
accentuated rather than diminished. each analysis, variation due 
clones, analysts and the interaction clones analysts was removed 
from the total, and average variance due differences among samples. 
within clones and analysts was utilized estimate experimental 
error. The C.V.’s obtained from these analyses are given Table 
along with the time required process each sample. general, as. 
sample size increased, the C.V. was reduced, but the greatest reduction 
occurred between samples and seeds. For samples more than 
seeds, the reductions the C.V.’s were relatively small. With the 
exception the smallest sample size, there was little gained reducing 
the C.V.’s using four samples per analyst rather than two. 
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200 
NUMBER SEEDS PER SAMPLE 


Coefficients variation for different samples sizes and numbers 
together with counting and weighing time per sample for Analyst 


shown Table the time required process sample was related 
sample size essentially linear although not proportional manner. 
Thus, the larger the sample, the greater would the cost. 

second approach the problem optimum sample size and number 
was made using data obtained only analyst order obtain 
C.V. estimates for lower sample numbers. These data were analysed 
four different groups: first, using all four samples counted per clone; 
second, using the first three; and last, using two groups two 
samples. The C.V.’s from these analyses and the time required for count- 
ing and weighing each sample are shown graphically Figure 
with the larger number samples for all analysts, the C.V.’s were reduced 
the sample size increased, but the greatest reduction occurred upon 
increasing sample size from seeds. The C.V.’s were approxi- 
mately the same size whether two, three, four, six, twelve samples per 
clone were used. 

the basis these results, would appear that the optimum sam- 
pling procedure for determining seed weight bromegrass clones would 
take two samples 100 seeds each. Taking more than two 
samples would seem have little advantage. 

From the practical viewpoint, sample size seeds has certain 
advantages. Samples this size are more easily manipulated, there 
less danger disturbing wind currents during counting, and number 
seeds can readily re-checked. addition, seeds can weighed 
upon precision balance resulting more accurate determination. 
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SOME EFFECTS SPRINKLER IRRIGATION 
FLUE-CURED TOBACCO! 


Canada Department Agriculture, Delhi, Ontario 


[Received for publication October 23, 


ABSTRACT 


Supplemental irrigation experiments were conducted determine the 
effects variable amounts water the yield, quality, maturity, chemical 
composition and physical characteristics flue-cured tobacco. 

Irrigation improved the yield, quality and maturity for four consecutive 
years, although comparatively small amount one year because 
favourable distribution rainfall. Neither the yield nor the quality was 
improved applications water excess optimum amounts. Tobacco 
irrigated according time intervals stages growth received either too 
much too little water. Thornthwaite evapotranspiration estimates and 
resistance blocks for determining soil moisture were found suitable 
methods for scheduling irrigation. 

Leaves from irrigated plots contained less total nitrogen, total alkaloids, 
and petroleum ether extract but more total sugars, potassium, and chlorine 
than leaves from unirrigated plots. The phosphorus content the leaf was 
unaffected irrigation. Irrigation had little effect the leaf thickness, 
length burn, filling power, and strip yield. 


INTRODUCTION 


Flue-cured tobacco grown sandy soils low fertility and organic 
matter which retain relatively small amount moisture within the root 
zone. Seasonal differences rainfall cause substantial variations 
quality and yield. Several independent investigations (1, 14) have 
shown that irrigation beneficial during dry seasons, but questionable 
value during seasons with relatively high amounts rainfall good 
rainfall distribution. Clark al. (1) found that excessive water appli- 
cations had little effect the agronomic indices but did decrease the 
economic advantage because increased operating costs. Miles (8) 
found untimely excessive irrigation detrimental from the stand- 
point both effect crop returns and cost operation. 

The effect irrigation excessive rainfall the chemical and physi- 
cal characteristics flue-cured tobacco reported several investigators. 
Darkis al. (3) recognized that excessive rainfall produced thin, light- 
coloured tobacco with high per cent carbohydrates and low per 
cent nicotine, petroleum ether extract, and total nitrogen. Insufficient 
rainfall produced thick, gummy, dark-coloured tobacco, low sugars and 
high nicotine. additional paper (4) they found that excessive 
rainfall increased the potash content the leaf, whereas nicotine and 
nitrogen were lowered much per cent. McMurtrey al. (7) 
found that the total nitrogen and nicotine contents Maryland Broadleaf 
were relatively low wet year. The potassium content the leaves 
was relatively high under such conditions. Schmid (10) found that high 
soil moisture levels produced leaves with relatively low contents nicotine 
and potassium. Van Bavel (12) reported that low soil moisture stress 


1 Contribution from the Tobacco Division, Experimental Farms Service, Canada Department of Agri- 
culture, Ottawa, Ont. 
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resulted low contents nicotine and total nitrogen, high contents 
sugars, and good burning characteristics compared high contents 
nicotine and total nitrogen, low contents sugars, and poor burning 
characteristics with high soil moisture stress. 

The objectives the study being reported were determine effects 
irrigation the yield, quality and maturity flue-cured tobacco. 
The investigations were conducted from 1954 1956, but were preceded 
preliminary studies carried out 1953. This preliminary work showed 
that supplemental irrigation increased the quality, yield and gross returns 
highly significant amount over irrigation, and that quality and 
yield were positively correlated and leaf contents nitrogen and total 
alkaloids negatively correlated with the amounts applied irrigation water. 
There were consistent but non-significant increases leaf potassium and 
total sugars with irrigation. Leaf thickness was negatively correlated and 
per cent strip yield positively correlated with the amounts irrigation 
water. 


MATERIALS AND METHODS 


The experiment was located well-drained Fox loamy sand, using 
plots 45.5 feet feet size. The plant spacing was inches between 
rows and 23.75 inches within rows, giving population 6300 plants per 
acre. Each plot consisted eight rows which the second, third, sixth 
and seventh rows were harvested. Plots were separated buffer strips 
three rows, which were necessary prevent sprinklers from spraying 
adjoining plots. sprinkler line was placed the middle each 
irrigated plot with four rotary sprinklers spaced 18.5 feet. The end 
sprinklers, located the centres 10-foot roadways separating treatment 
blocks, were shielded prevent water from being applied plots 
adjoining blocks. Initial sprinkler pattern tests were conducted obtain 
the above experimental and irrigation system design features. The 
system was designed apply average 0.3 inches water per hour 
the harvest rows. 

Moisture-holding capacity and root zone studies showed that 
application approximately inch water was fairly satisfactory under 
most conditions. This work indicated that 1.4 inches water required 
raise the top foot Fox loamy sand from wilting point field capacity, 
and that the zone maximum root accumulation within inches 
the surface until after the bloom period. 

Irrigation water was applied according various schedules provide 
variations time and amount application. Each treatment was 
quadruplicate. 


The treatments were follows: 


Irrigated According Thornthwaite Daily Evapotranspiration Estimates 
with 0.9 inches Water being each Irrigation 
Prior the bloom period irrigation commenced when the soil moisture 
storage value was less than the potential evapotranspiration calculated 
for the previous day. After the bloom period the soil moisture storage 
value was allowed remain below the daily potential evapotranspiration 
for three days before irrigation. 
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Irrigated Weekly Schedule 
Less than 1.0 inch per week rainfall from time transplanting 
commencement harvest was made 1.0 inch per week irrigation. 


Irrigated According the Readings Bouyoucos Plaster Paris Soil 
Moisture Blocks Buried 6-inch Depth Directly Below Plants with 0.9 
Inches Water Being Applied Each Irrigation 
Irrigation commenced when the average reading group moisture 

blocks fell below per cent available moisture. 


Irrigated According the Readings Bouyoucos Plaster Paris Soil 
Moisture Blocks Buried 6-inch Depth Directly Below Plants with 
1.8 inches Water Being Each Irrigation 
Irrigation commenced when the average reading group moisture 
blocks fell below per cent available moisture. 


Irrigated with Single Application 2.1 inches Water the Bloom 
Period 


Irrigation 


Although slight differences maturity were apparent among indivi- 
dual plots each treatment, each priming treatment was harvested 
the same day. There were five separate primings for all treatments 
each year. maturity index 100 was assigned hypothetical desir- 
able treatment which would primed August and 23, and Sep- 
tember and 10. was obtained assigning the number August 
and numbers less than 0.5 the number intervening days 
each the subsequent primings. Each the five priming dates was 
excluded from the count intervening days. treatment primed 
August 10, and 24, and September and would have index 94.5. 


Harvested leaves each priming each plot were attached tagged 
lath throughout the curing and bulking stages. The weights cured 
leaf were then recorded and leaves graded experienced leaf graders. 
The weight each grade was recorded, and the total weight each grade 
for all five primings each plot was multiplied the individual grade 
values. summation these values divided the total weight grades 
gave the grade index. 

Small composite samples from each priming each plot were dried 
and ground for chemical analysis and physical tests. These ground 
samples were stored air-tight glass containers. were stripped 
from leaves prior drying, and comparison weights lamina and 
midrib gave the per cent strip yield. Part each the composite samples 
was retained for leaf thickness measurements. Leaf thickness, obtained 
with Elcometer thickness gauge, was the average measurements 
five leaves for each priming from each plot. 

The percentage each the chemical constituents was calculated 
moisture-free basis. Moisture was measured drying 2-gram 
sample 110°C. for 3.25 hours. Samples were reduced ash for phos- 
phorus and potassium determinations charring over open flame and 
heating 500°C. for hours muffle furnace. Chlorine was deter- 
mined the titrimetric method Harrel (5), phosphorus colorimetrically 
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cumulative record rainfall and irrigation during the 
1954 growing season. 


using ammonium molybdate with stannous chloride, and potassium 
with Beckman flame spectrophotometer. The Perrin method (9) 
was used determine total nitrogen, the method Cundiff and Markunas 
(2) for total alkaloids, and the method and apparatus described Vickery 
and Meiss (13) for petroleum ether extract. Total sugars were determined 
the Shaffer-Somogyi method modified Heinze and Murneek (6). 

Length burn was determined recording the number seconds 
required burn inch artificial cigarette burning chamber. 
These artificial cigarettes were made using standard volume ground 
tobacco previously held atmosphere per cent relative humidity 
for days. The filling power index measure the volume occupied 
0.33 grams ground tobacco after subjection force 500 grams 
for minutes. Samples were held atmosphere per cent relative 
humidity prior filling power tests until the gain weight was insigni- 
ficant. 

Statistical evaluations (11) the yield and quality data were prepared, 
well coefficients correlation between paired combinations from the 
agronomic, physical, and chemical data. 


RESULTS AND DISCUSSION 


The distribution rainfall and irrigation during the seasons 1954 
1956 shown Figures and for 1954, 1955 and 1956, respectively. 
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IRRIGATION TREATMENTS 
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cumulative record rainfall and irrigation during the 
1955 growing season. 


The effects different irrigation treatments the agronomic indices 
from 1954 1956 are shown Table The total amount irrigation 
water was identical for the Thornthwaite schedule and for the moisture 
block schedule, irrigated with 0.9 inches per application, each year 
except 1956, but the time irrigation varied for the two schedules. Slightly 
less water was applied for the treatment irrigated the bloom period 
only than for the above treatments, except 1956, whereas relatively 
high amount water was applied for the weekly schedule each year and 
the moisture block schedule, irrigated with 1.8 inches per application, 
most years. 

The results obtained 1954 and 1955 are similar those obtained 
the preliminary experiment conducted 1953 that irrigation produced 
outstanding increases yield and quality. June August rainfall 
was considerably less than the rainfall for the same period 1956, year 
which irrigation was little benefit. 

Irrigation the bloom period only, Treatment gave higher quality 
and crop returns than the check over the 3-year period, but the differences 
between these two treatments were relatively small each year. Slightly 
greater amounts water, which were applied correct estimated 
actual soil moisture deficiences, gave much higher quality and yield, 
indicating that irrigation water applications should based upon such 
considerations preference single application the critical bloom 
period. 
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cumulative record rainfall and irrigation during the 
1956 growing season. 


Irrigation scheduled means Thornthwaite evapotranspiration 
estimates, Treatment gave results similar those obtained for the 
moisture block schedule when the water application per irrigation for 
both treatments was 0.9 inches. The amounts water applied with 
these two treatments were slightly greater most instances than the 
amounts for the treatment irrigated the bloom period, but considerably 
less than the application amounts for the weekly schedule, Treatment 
and for the moisture block schedule with 1.8 inches water per application, 
Treatment 


Weekly irrigation, Treatment represents case over-irrigation 
the application considerable water excess that applied for Treat- 
ments and failed produce additional increase yield and quality. 
Much the water for Treatment was applied early the season before 
the soil moisture had been reduced critical level, but was insufficient 
amount cause appreciable soil leaching, the yield was similar 
the yield obtained for Treatments and The main deterrent the 
weekly schedule based economic considerations. recently pub- 
lished circular* gives the average irrigation operating cost per acre 
tobacco approximately $20.00. Based this study, the operating 
costs for the weekly schedule with seven applications would exceed 
$50.00 per acre. Similar total amounts water were applied for Treat- 
ment but smaller number applications than for Treatment 


* Dollars and Cents in Ontario Irrigation. Circ. 322, Ont. Dept. Agr., Toronto. 1957. 


2 
' 
' ' 
' 
' 
' 


[Vol. 


CANADIAN JOURNAL OF PLANT SCIENCE 


172 


— — 


160° 


sanjeA 


” 


LLY 


SHAVAI OIDVEOL AO SOLLSIMALOVAVHD ‘IVDISAHd AWOS NO SINAWLVAUL NOLLVOINAL AO 


z 
: ~ oc 
| — » N 
~ a+ o N 
+ wy + 
| on an N 
pee o~ Co 
+ 


April, 1959] WALKER AND VICKERY—FLUE-CURED TOBACCO 173 


comparison the moisture block schedules, Treatments and 
shows that Treatment gave slightly higher returns than Treatment 
over the 3-year period, indicating that application 0.9 inches for 
Treatment was somewhat below the optimum amount. The slightly 
higher returns for Treatment compared Treatment would 
partially offset higher operating cost for Treatment 


Treatments and had higher maturity indices than the other treatments 
and, although this may advantage some years, the increased cost 
operation with these schedules must considered greater significance 
most years. would appear, therefore, that the water applications 
Treatments and were near the optimum amounts over the 3-year 
period. These results are close agreement with other reports (1, 14). 

Chemical data obtained from leaf samples plots this experiment 
are shown Table value represents the weighted average all 
primings two field plot replications. 

Positive effects irrigation water the chemical composition are 
noted for many the constituents most years. Results obtained 
1956 varied considerable degree from those obtained other years. 
This expected generally favourable weather conditions prevailed 
1956. increase irrigation water lowered the total nitrogen and 
total alkaloid content the leaves, except 1956. Leaf potassium was 
slightly increased with irrigation, although the association between potas- 
sium levels and total moisture was significant only 1954. Total sugars 
were slightly increased 1954 and 1955 but the reverse occurred 1956. 
These results agree with other reports (3, 10, 12) with respect total 
nitrogen and total alkaloids, and with Darkis (4) for potassium. The 
results for potassium are disagreement with Schmid (10) who found 
that irrigation decreased leaf potassium. Darkis al. (3) and van Bavel 
(12) reported increase total sugars with excessive rainfall with 
irrigation, and found this increase directly proportional the amount 
rainfall applied water. The results contained herein indicate that 
positive correlation between total sugars and total moisture may exist 
optimal level the latter, but that further increases the moisture 
supply are little effect. There appeared slight increase leaf 
chlorine with irrigation, but for chlorine with total moisture lacked 
significance. Irrigation had little effect leaf phosphorus. The leaf 
content petroleum ether extract was reduced additional increments 
water and the association between petroleum ether extract and total 
moisture gave significant negative correlation. Darkis al. (3) reported 
similar results for petroleum ether extract. 


The values Table total nitrogen, total alkaloids, and petro- 
leum ether extract with quality and yield are usually negative, whereas 
values potassium, chlorine, and total sugars with quality and yield 
are generally positive. Except for petroleum ether extract the 1956 
results were somewhat contrary those obtained other years. 
though relatively few these associations any the years are actually 
significant, certain trends are evident with most the chemical constitu- 
ents. The phosphorus content the leaves appears unrelated 
total moisture, quality, yield. 
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The results several physical tests leaf samples are shown Table 
Each value represents the weighted average all primings two 
field plot replications. 

The results for length burn are ambiguous they differ among 
years. Irrigation reduced length burn 1954 but increased 1955 
and 1956. The 1954 results are agreement with van Bavel (12) who 
found that irrigation decreased the length increase chlorine 
uptake with irrigation could conceivably result increased length 
burn. Although irrigation did tend increase leaf chlorine, the treat- 
ment differences with respect amount leaf chlorine generally lacked 
significance. Such effect irrigation fails account for the 1954 
results, when there was reduced length burn for irrigated compared 
unirrigated tobacco spite slight tendency for increase leaf 
chlorine with irrigation. All the 1954 treatments showed relatively 
low chlorine uptake compared other years, indicating that small treat- 
ment differences chlorine uptake may inconsequential, with respect 
effect leaf burn, low chlorine levels. The results indicate that 
the effect irrigation length burn may largely dependent upon the 
amount chlorine the soil. Leaf thickness, per cent strip yield, and 
power were poorly associated with moisture supply, quality and 
yield the three years. 
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EFFECTS GIBBERELLIN FORAGE YIELDS 
SIX GRASS AND LEGUME 


Canada Department Agriculture, Ottawa, Ontario 


[Received for publication November 21, 1958] 


ABSTRACT 


Foliage three grasses and three legumes, grown greenhouse, was 
treated with gibberellin solution and yield response evaluated. general, 
the first cut yields these grass and legume species were increased gib- 
berellin. With legumes the maximum yields were obtained the highest 
rate application. Maximum yields grasses were obtained with rates less 
than the Generally speaking there were reductions second-cut 
yields the grasses and legumes tested with higher rates gibberellin. 
Treatment the foliage with gibberellin decreased root weights every 
case. 

There were significant negative correlations between total top and root 
weights all species, except two which there were correlations. The 
per cent protein all grass and legume species was decreased with gib- 
berellin treatments. However, because increased dry matter, highest 
yields protein were generally obtained with treatments producing highest 
dry matter yields. The ground cover the species treated decreased 
progressively with increased rates gibberellin. 


INTRODUCTION 


the last few years considerable interest has been shown the effects 
class growth-promoting substances, the gibberellins, plants. 
extensive review literature pertinent this subject was compiled 
Stowe and Yamaki (6). Most the published work, however, deals with 
crops other than forage species. Corns (2) found that treatments 200 
p.p.m. gibberellin increased the dry weight first-cut Kentucky bluegrass 
but had effect the yield alfalfa. Morgan and Mees (4) noted that 
treatments 600 p.p.m. gibberellin increased the dry matter yields 
first-cut grassland herbage. The crude protein yields were also increased 
but relatively smaller degree and the per cent protein was reduced. 
Leben and Barton (3) suggest that the chemical may useful for inducing 
new growth the spring fall. Morgan and Mees (5) observed that the 
yield root crops (potatoes, turnips and carrots) was decreased spite 
increased vegetative growth. Brian al. (1) stated that the over-all effect 
gibberellin was stimulate the shoot and inhibit the root wheat 
plants. 

The study reported here was initiated evaluate the effects gib- 
berellic acid, salt form, three grasses species and three legume 
species. was felt practical use might made the acid overcoming 
the decrease growth most these species that occurs during mid- 
summer, even the presence abundant moisture supplies. 


_—_. 


from Field Husbandry Division, Central Experimental Farm, Ottawa, Ont. 
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MATERIALS AND METHODS 


The study was conducted greenhouse Ottawa for period 
about months during the winter season 1957-58. The forage species 
and number plants per pot were follows: 


Perennial ryegrass 
Kentucky bluegrass 
Timothy 
Alfalfa 
Birdsfoot trefoil 
Ladino clover 


Glazed gallon pots were used and filled with pounds Castor silt 
loam soil. Where grasses were grown the soil was fertilized the rate 
legumes were grown the application was cut pounds but the other 
two nutrients were the same. 

Supplemental incadescent light was used when needed during the 
experiment maintain 16-hour day. 


One hundred days after emergence, some time prior heading out, 
all species were trimmed height inches. The potassium salt 
gibberellic acid* was then sprayed the foliage. The rates used grams 
per acre were 30, 60, 120 and 240. The amount water solution used 
was rate equivalent 100 gallons per acre. small quantity 
detergent (Tween 20) was used wetter since earlier study had shown 
differences retention the solution the foliage the species. 

The treatments were replicated four times, and the pots randomized 
within each replicate. The pots were rotated periodically the bench 
reduce the effects localized environmental conditions the greenhouse. 

Two cuttings were made, the first days after treatment, and the 
second days after treatment. After the second cutting was made, the 
roots were removed from the soil each pot. wet sieving machine was 
used wash the roots. All the tissue was oven dried, weighed and ground 
for analysis. 


RESULTS AND DISCUSSION 
Visual Observations 


The first visual indication the influence treatments gibberellin 
grasses occurred the third day after treatment, while the influence 
the legumes was apparent days later. 

Ten days two weeks after treatment, was evident that the leaves 
the treated grasses were longer and narrower than those the untreated 
grasses. The most noticeable effects the legumes were increases the 
lengths internodes and petioles together with slight increases leaf size. 

The increase growth rate the grasses following the application 
gibberellin was accompanied chlorosis the leaves. The normal 
colour was regained after about weeks. The three legume species did 
not develop any visual chlorotic symptoms. 


* Trade name—Gibrel (Merck & Co., Ltd., Montreal, Que.) 
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The per cent ground cover with all species decreased progressively with 
increased rates gibberellin. The treated plants had upright, open type 
growth with little tillering. There was dense cover the pots 
which had not received any gibberellin treatment. 


Grasses 


The dry matter yields for grasses with the different treatments are 
recorded Table 

The first-cut yields all three grasses were increased the gibberellin 
treatments. For perennial ryegrass maximum response was obtained 
gm. per acre. With Kentucky bluegrass and timothy was 120 gm. 
per acre. 


The yield levels and patterns response for the second cut were quite 
different from those the first-cut. These yields reflected residual effects 
the gibberellin treatment. The yields perennial ryegrass and Kentucky 
bluegrass were only about one-tenth the first-cut yields. the gibberellin 
treatments, the best yields for perennial ryegrass were obtained with the 
gm.-per-acre application. Only slight differences occurred second-cut 
yields Kentucky bluegrass. The second-cut yields timothy were larger, 
compared with first-cut yields, than those ryegrass and bluegrass, but 
all gibberellin treatments depressed yields timothy the second cutting. 


Analysis variance total yields showed significant linear trend 
and evidence curvature, measured the quadratic components, for 
all species except perennial ryegrass and timothy. 

all three grass species there was consistent depression root 
yields with increasing rates gibberellin. Perennial ryegrass and timothy 
were more adversely affected than was Kentucky bluegrass. There were 
significant negative correlations between total yields forage and roots 
for Kentucky bluegrass and timothy 

the weight roots added the total forage yields from the two 
cuts (data not shown), evident that there was steady decrease 
total plant material with both the ryegrass and timothy. There was slight 
increase with Kentucky bluegrass. 


The depressing effects ryegrass and timothy yields may have been 
due part the actual inhibition root growth the gibberellin. 
may also have been factor. 

Sumiki* indicated that has isolated four compounds with slightly 
different structures batch gibberellic acid and that one them, 
concentrations equivalent that the others, was shown inhibit root 
development. 


Vields Legumes 


The dry matter yields for legumes with the different treatments are 
shown Table 

There were marked increases first-cut yields with all three legumes 
the highest rate application. Birdsfoot trefoil responded the most 
(142 per cent increase) and alfalfa the least (60 per cent). 


Y., University Tokyo. Personal communication, 


CANADIAN JOURNAL PLANT SCIENCE 


180 


ADVAOM XIS AO ‘ONILLAD LSuld AHL WOUA ‘MALLVW AUG AHL NI NIGLOUd IVLOL GNV LNAD UAd NO JO aH[L—'¢ ATAV 


per 
the 
inc 
cor 
see 
the 
tei 
cer 
30. 
bir 
the 
gil 
sin 
gil 


April, 1959] FINN AND GIBBERELLIN 181 


The second-cut yields the legumes showed different pattern 
response treatment. With alfalfa the optimum application was gm. 
per acre and with birdsfoot trefoil was between the and gm. per 
acre treatments. There was steady decline the second-cut yields 
Ladino clover with increased rates application. 

Total yields both birdsfoot trefoil and Ladino clover increased 
the highest rate application. The optimum rate application for alfalfa 
was 120 gm. per acre. 

Root yields all legumes were depressed consistently with 
increasing increments gibberellin. Ladino clover was affected slightly 
more than the other two. 

There were significant negative correlations between total top and root 
weights with alfalfa and birdsfoot trefoil The 
correlation the case Ladino clover was approaching significance. 

the top and root yields are combined (data not shown), can 
seen that there was slight increase the yields birdsfoot trefoil due 
the chemical, and slight decreases Ladino clover and alfalfa. 


Effects Plant Protein 


Table are shown the data for the effects gibberellin the pro- 
tein percentage and protein yield all the plant species studied. The per 
cent protein Kentucky bluegrass decreased with increasing increments 
gibberellin. There was general, but much less pronounced, decrease 
with perennial ryegrass. Per cent protein timothy increased with the 
30-gm. application and decreased progressively beyond that. 

There was general decrease per cent protein with increasing rates 
gibberellin all the legumes. This decrease was very pronounced with 
birdsfoot trefoil. 

Highest protein yields were obtained with the same treatments 
were the highest dry matter yields with all the species except timothy and 
Ladino clover. With these two species reduction per cent protein more 
than offset increases yield and highest protein yields were obtained with 
the increment below that the highest herbage yields. 


General 


The data presented show that treatment the six forage species with 
gibberellin caused marked changes dry matter elaboration both tops 
and roots. These effects varied among species. 

Substantial increases were obtained with first-cut yields all species 
except perennial ryegrass. There possibility more wetting agent should 
have been applied with the gibberellin the foliage ryegrass. The 
maximum responses first-cut yields the legumes could not evaluated 
since the highest yields were obtained with the highest rate application. 

The plants were all cut back 2-inch height prior applying the 
gibberellin the first and second cuttings shown the tables are actually 
the second and third cuttings respectively. view this might 
possible promote forage yields some species under field conditions 


applying gibberellin the foliage after the first cutting grazing had been 
completed. 
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The cost the gibberellin will most important factor consider 
any such practice. 

More information needed concerning the effects gibberellin 
forage species. The merits successive application top yields and root 
reserves, well the interaction effects with nutrient supply, should 
studied. 
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THE IDENTITY SMALL BITTER CHERRY 
AND WESTERN LITTLE 


Canada Department Agriculture, Summerland, British Columbia 


[Received for publication October 20, 1958] 


ABSTRACT 


Small bitter cherry was found the Okanagan Valley British Columbia 
1940, and was recognized being different from little cherry the 
Kootenay area British Columbia and buckskin California. Diseases 
similar small bitter cherry were found the northwestern states from 
1942 1948 and were shown caused the virus western X-disease. 
Extensive surveys British Columbia showed that small bitter cherry occurs 
only the southern part the Okanagan Valley and always close prox- 
imity western X-disease peach. Small bitter cherry was inoculated into 
peach seedlings and into chokecherry trees. Symptoms western X-disease 
appeared peach seedlings and chokecherry trees. Symptoms appeared 
years after inoculation. The successful transmissions were obtained 
from diseased sweet cherry trees. These limited transmissions, taken con- 
junction with the other evidence submitted, support the conclusion that 
small bitter cherry western little cherry form that disease. 


INTRODUCTION 


1940, disease sweet cherry, affecting particularly the fruit, was 
found the Okanagan Valley British Columbia (4, 5). Close examination 
the symptoms showed that was different from the little cherry disease 
(2) occurring the Kootenay area British Columbia. was also dif- 
ferent from Green Valley buckskin and Napa Valley buckskin reported 
California (7). Since other comparable disease sweet cherry had been 
reported the time, the disease the Okanagan Valley was considered 
new one and was tentatively called ‘‘small bitter 

Diseases sweet cherry, having similar effects the fruit, were found 
Oregon about 1942 (10), and Washington (1) and Utah (9) 1946. 
They were soon demonstrated caused the virus western X-disease. 

This finding was particular interest British Columbia. Examina- 
tion material Washington and Oregon convinced the author that the 
diseases there were very similar small bitter cherry the Okanagan 
Valley British Columbia, but different certain respects from little 
cherry the Kootenay area. 

Western X-disease has not been found peach the little-cherry 
area the Kootenays. also unreported the Similkameen Valley 
and the more northerly parts the Okanagan Valley, but general 
the southern end the Okanagan Valley adjacent the Washington border. 
peach, western X-disease British Columbia has always been regarded 
continuous with that disease the State Washington. Small bitter 
cherry has been found only this area where western X-disease common 
peach. This relationship was emphasized when very extensive surveys 
sweet cherries were carried out the Okanagan and Similkameen Valleys 


1 Contribution No. 1724 from the Botany and Plant Pathology Division, Science Service, Canada Depart- 
ment of Agriculture, Ottawa, Ont. 
? Plant Pathologist, Plant Pathology Laboratory, Summerland, B.C. 
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annually from 1946 1949. These surveys, which covered almost every 
cherry tree the area, were carried out under the direction the Provincial 
Plant Pathologist, and were intended find little cherry any was present. 
little cherry was found. The author served advisory capacity 
these surveys and was thereby enabled get virtually complete survey 
the area for small bitter cherry. Only small numbers affected trees 
were found but the proximity every small-bitter-cherry tree western 
X-disease peach was most striking. This coincidence the two diseases, 
together with the experimental work done the northwestern States and 
the similarity symptoms Washington, Oregon, and the Okanagan 
Valley British Columbia, indicated plainly that small bitter cherry was 
caused the virus western X-disease. Experimental work, however, 
could not undertaken Summerland until 1949. 


the time the preparation Agriculture Handbook 
the United States Department Agriculture, was unfortunately neces- 
sary treat small bitter cherry (6) separate disease. The author was 
able persuade the committee western X-disease use name other 
than “‘little for the disease sweet cherry known caused 
the virus western X-disease. The name little had 
been used Utah and was adopted. However, small bitter cherry could 
not included under little cherry (3) because the two had long been recog- 
nized different, and could not included under western X-disease 
(8) because experimental work Summerland was incomplete. 


This paper presents experimental evidence showing the relationship 
small bitter cherry western little cherry. 


EXPERIMENTAL PROCEDURE AND RESULTS 


The experimental results which are presented here were obtained from 
inoculations made between 1949 and 1952. Peach seedlings and young 
chokecherry trees were graft-inoculated from sweet cherry trees naturally 
infected with small bitter cherry. The inoculum consisted young fruit 
spurs buds selected because they had either carried diseased cherries 
grown quite close spurs with definitely diseased fruits. Each tree received 
two more spurs buds each time inoculation. The trees were inoc- 
ulated late summer and only once any one year. 


Forty-eight peach seedlings were inoculated from diseased cherry. 
Twenty-eight them were inoculated only once, nineteen two different 
years, and one three different years. Only three the peaches developed 
definite western X-disease, while few others showed symptoms that may 
have been due that disease. The three peaches that developed western 
X-disease had all been inoculated two different years. One them de- 
veloped definite disease years after the last inoculation, another years 
after the last inoculation, and the third very soon after the second inocula- 
tion and year after the first inoculation, the infection being apparently 
due the first inoculation. Western X-disease appeared peach 
trees inoculated from one Bing cherry tree, and peach trees in- 
oculated from another Bing tree. The disease did not appear any 
peach trees inoculated from Lambert cherry tree. 
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Fifteen chokecherry trees were inoculated from one the same Bing 
trees. Each chokecherry received inoculations only once. Two them pro- 
duced strong red-leaf symptoms western X-disease the first year after 
inoculation. The rest have remained normal. 


DISCUSSION AND CONCLUSION 


recognized that successful transmissions from sweet cherry 
peach and chokecherry were few, and also that successful transmissions 
formed very low percentage the attempts. These results were ac- 
cordance with the general behaviour the virus western X-disease and 
particularly with its behaviour the northern extremity its natural 
range. British Columbia low percentages transmissions were also 
obtained attempts transmit small bitter cherry from sweet cherry 
sweet cherry, and attempts transmit western X-disease from peach 
peach. transmissions were obtained limited attempts transmit red 
leaf from chokecherry chokecherry. Western X-disease has never ap- 
peared Summerland experimental trees either untreated being used 
experiments with other diseases. 


The failure the majority the attempts transmit small bitter 
cherry seems have been due the virus being less than fully systemic, 
its being present very low concentration, its being able 
become inactivated either before after inoculation. Sweet cherry 
capable growing chokecherry and can survive for time peach 
that the inability cherry inoculum make union peach and choke- 
cherry trees not considered have been important. many but not all 
cases, experimental trees were transported the orchards that the 
inoculum could quite fresh. 


The name “‘little used this paper denote the disease 
that occurs the Kootenay area British Columbia and not any other 
disease diseases that may have been called the same name the north- 
western States. Small bitter cherry was differentiated from little cherry 
1940 the somewhat unreliable basis fruit symptoms. The speed 
spread little cherry within the individual tree, and the slowness with 
which small bitter cherry spreads within the individual tree, were next 
observed. 1949 the great differences rapidity and ease transmission 
had been established. The obtaining western X-disease symptoms, 
chokecherry 1951 and peach 1952, trees which had been inoculated 
with small bitter cherry virus, provided evidence still more funda- 
mental difference because little cherry has never been known have 
associated peach disease. 


The name bitter cherry’’ was used for the economically unim- 
portant disease found the Okanagan Valley, distinguish from the 
economically important little cherry the Kootenay area. Perhaps the name 
should changed now that small bitter cherry known caused the 
virus western X-disease. The name little would not 
suitable the Okanagan Valley because would encourage confusion with 
little cherry, because long and not easily understood, and also 
newer name. The name older name but has always been 
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rejected because the symptoms small bitter cherry not correspond 
closely enough with those buckskin. The only acceptable alternative 
seems use the name ‘‘western X-disease’’, and eventually the name 
for small bitter cherry well for the disease peach. 
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RECOVERY WHEAT FROM EARLY INFECTIONS 
HELMINTHOSPORIUM SATIVUM AND FUSARIUM CULMORUM! 


Canada Department Agriculture, Saskatoon, Saskatchewan 


[Received for publication December 2, 1958] 


ABSTRACT 


The tendency wheat plants recover from initial stunting Helmintho- 
sporium sativum and Fusarium culmorum was studied under field conditions 
comparing areas the successively formed leaves the main 
yields grain were taken the over-all measure the influence disease 
the plants. 

sativum when applied seed caused significant reduction areas 
the first and second leaves the seedlings. Successive leaves were progres- 
sively larger relation those the uninoculated plants. The two 
varieties the experiment were about equally stunted the early seedling 
stage. made notable recovery indicated increased areas 
the later leaves and substantially greater yield grain than the controls. 
Thatcher made only partial recovery and its yield grain was slightly 
depressed. 

culmorum produced less stunting than sativum seedling leaves, 
and recovery indicated the later leaves was less marked though 
significant. 

sativum and culmorum the same plants caused more initial stunting 
leaves followed greater recovery than with either fungus alone. 


INTRODUCTION 


previous paper (2), the author reported the recovery wheat 
plants greenhouse experiments after initial severe setback the 
seedling stage caused Helminthosporium sativum (syn. 
sorokinianum Sacc. Sorokin), conidial phase Cochliobolus sativus 
(Ito and Kurib.) Drechsler ex. Dastur. The setback was indicated 
reduced transpiration water per plant, and reduced leaf areas the 
leaves the early seedling stage. Recovery was shown increased 
transpiration the later stages plant growth, and greater areas the 
last formed leaves the main culm the diseased plants relation 
uninoculated plants. Recovery occurred only under favourable conditions 
soil moisture, light, and freedom from competition weeds unaffected 
wheat plants. 

experiment conducted 1942 was designed study recovery 
from seedling phases disease caused sativum and Fusarium culmorum 
Sm. under field conditions. Other factors introduced were variety, 
early versus late seeding, and light versus heavy rates seeding. 


METHODS 


The factorial design with five factors used the experiment was one 
given Yates (3). Reward and Thatcher wheats were grown presence 
and absence sativum, presence and absence culmorum, 
early and late dates seeding, and light and heavy rates seeding. 
Two replications were arranged Latin square with partial 
confounding four sets second- and third-order interactions. 


1 Contribution No. 16, Canada Department of Agriculture Research Laboratory, Saskatoon, Sask. 
?Senior Plant Pathologist. 
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Inocula the fungi were applied the seed ensure early infection. 
culture sativum grown ground oat hulls for weeks was applied 
the rate gm. 100 gm. seed, the seed being first moistened with 
water equivalent per cent its weight. Conidia culmorum 
grown potato dextrose agar were suspended water and applied seed 
the rate ml. 100 gm. seed. Where both inocula were applied 
the same lot seed the culmorum was applied first, and the wet 
seed then covered with the oat-hull culture The dates 
seeding were May and May 20. The two rates seeding were and 
bushels per acre. Since reductions emergence were caused the two 
fungi, uniform stands plants were obtained random thinning the 
third-leaf stage. Plots seeded the 1-bushel rate were thinned 
plants, and those seeded the 2-bushel rate were thinned 140 plants 
each. 


The progress disease was followed comparing areas leaves 
the main culm inoculated and control plants. Measurements were 
made randomly taken leaves each successive leaf class for each 
plot. Fully expanded leaves were taken from interior rows the plots 
without prior reference the treatments and without prior direct observa- 
tion the plants. Leaf areas were calculated previously described (2), 
from the length, and the greatest width, using the modified equation 


area 0.80 
for all leaves except for the first formed which case 
area 0.92 LW. 


The first formed leaf wheat somewhat linear with obtuse apex, 
but all other leaves are lanceolate. 


The data leaf areas were separately analysed for the successive 
leaves. Main and interaction effects were calculated Yates’ method (3). 


EXPERIMENTAL RESULTS 


The factorial design the experiment gave rise considerable data 
the influence dates and rates seeding leaf areas and yield grain. 
Since these factors did not show significant interactions with either fungus 
the test they will not considered further. Their inclusion the 
experiment served the useful purpose increasing replications and intro- 
ducing some variation environment for the other treatments. 

Reward and Thatcher showed equal initial stunting sativum 
but differing degrees recovery (Table areas the first and 
second leaves Reward wheat were reduced sativum and 
per cent, respectively, the corresponding leaves uninoculated plants. 
Third, fourth and fifth leaves were progressively more nearly normal 
leaf area. Sixth and seventh leaves significantly exceeded area the 
leaves plants not inoculated with sativum and per cent, 
respectively. Recovery the inoculated plants from the initial stunting 
the seedlings thus involved more than throwing-off the deleterious 
effect the fungus and resumption normal growth. There was 
enhancement growth the inoculated plants. 
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Corresponding the greater leaf areas inoculated Reward plants 
there was corresponding increase per cent the yield grain. 
This increase yield approximated the aggregate excess area the 
sixth, seventh, and eighth leaves the inoculated plants. this experi- 
ment, usual with cereals, the first few leaves were dried before the 
period filling the kernels. Since these leaves are smaller inoculated 
than control plants the net result increase the effective leaf area 
the former relation the latter. 

Thatcher showed partial recovery following initial stunting the 
first few leaves. There was enhancement total leaf area yield 
grain with Reward. There was, however, increase over the 
controls the percentage inoculated plants that produced eighth leaves 
the main culm. 

culmorum produced only slight effects Reward this experiment 
(Table 2). These effects, though similar those sativum, are not 
statistically significant. Thatcher, the other hand, first and second 
leaves were significantly stunted. with sativum tendency 
recover suggested the seventh leaf and the percentage plants with 
eighth leaves. Yield grain, however, was significantly less than the 
control plots. Thatcher showed the same tendency slow and incomplete 
recovery from stunting culmorum appeared with sativum. 

The interaction effects between sativum and culmorum for leaves 
were not statistically significant (Table 3). The stunting effects the 
two fungi the first five leaves the main culm appeared approxi- 
mately additive. Similarly, the effects the fungi were additive the 
sixth, seventh and eighth leaves, which were larger plants inoculated 


TABLE 3.—EFFECT sativum THE PRESENCE AND ABSENCE culmorum 
AREAS LEAVES THE MAIN CULM (MM?), PERCENTAGES PLANTS WITH 
EIGHTH LEAVES AND YIELD WHEAT (MEANS TWO VARIETIES) 


Necessary 


sativum 
sativu differences 


F. culmorum 5% level 1% level 


Mean areas (mm?) 


Leaf 349 277 330 261 
Leaf 415 307 369 290 
Leaf 613 475 570 467 
Leaf 866 733 806 730 
Leaf 1010 954 975 932 
Leaf 1286 1400 1318 1354 
Leaf 1349 1683 1543 1740 
Leaf 340 286 458 


Per cent plants 


bu./acre 30.3 31.0 26.7 32.0 


102 139 
207 283 
172 236 
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with either both fungi than the controls. significant interaction 
was present between the two fungi the yield data. This effect does not 
appear related similar effect the leaves, but may have resulted 
from differential development tillers which were not measured. 


DISCUSSION 


The present work demonstrated recovery wheat from stunting 
the early seedling stage Helminthosporium sativum the field such 
was reported previously (3) under greenhouse conditions. The conditions 
the field experiment were favourable that ample, well-distributed 
rainfall occurred and there was competition from weeds. 

The place recovery crop production will require further 
Work recovery has far been limited the case where the fungus 
carried the seed time planting and infection has been immediate 
and severe the seedlings. Seed-borne sativum usually minor 
occurrence Western Canada since most infections wheat and barley 
occur from early June mid-July. Such infections coincide with stunting 
proportion the plants. Recovery may seldom occur, however, since 
affected plants are usually competition with weeds and relatively healthy 
crop plants, because inadequate moisture supply. 

Two distinct phases the course the disease caused 
sativum Reward were initial stunting the seedling and recovery. 
Enhancement growth over and above that the control may con- 
sidered part the recovery process, since probably continuation 
the physiological process whereby the plant regains normal size found 
the control. 

Stunting seedlings may caused toxins produced sativum 
suggested the work Ludwig (1) barley. His results were 
obtained the use culture filtrates. remains shown that the 
fungus produces toxin within the host. Two alternative modes which 
stunting may caused are the diversion nutrients from the seed the 
use the fungus and the influence the fungus the formation, 
distribution destruction growth substance the host. 

Recovery involves survival the plant, limitation the fungus and 
example common occurrence with many diseases. Limitation may 
the result active resistance set the host the tissues immedia- 
ately contact with the lesions. Inhibited growth the fungus would 
result reduced production toxin and enable resumption normal 
growth the plant. 

The enhanced growth inoculated over uninoculated plants shown 
sixth and seventh leaves and final yield Reward difficult 
explain. One possibility, based the toxin theory the disease, that 
the initial concentration toxin which caused stunting reduced pro- 
gressively with growth may not only cease toxic but may act 
stimulant the plant. 
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practical consideration with respect losses caused sativum 
the strong recovery one variety compared with another. strong 
tendency recover from early infections may value reducing 
losses yield caused sativum, especially since the increasing use 
herbicides serves reduce competition weeds. 
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SOME SYMPTOMS STOCK-SCION INCOMPATIBILITY 
APRICOT VARIETIES PEACH SEEDLING ROOTSTOCK! 


Canada Department Agriculture, Summerland, British Columbia 


{Received for publication July 14, 1958] 


ABSTRACT 


connection with apricot breeding, simple methods were sought for 
detecting stock-scion incompatibility between apricot varieties seedling 
selections scions and peach seedlings rootstocks. Several incom- 
patibility symptoms were studied, mainly those associated with structural 
weakness the graft union. Smoothness break the union and dis- 
continuity wood and/or bark tissues were found reliable symptoms 
incompatibility between apricot scion and peach rootstock. Highly significant 
correlations were found exist between the above three observations. Exa- 
mination discontinuity bark tissue considered the simplest and, 
since does not destroy the tree, the most practical method determining 
the incompatibility status apricot seedling selections. 


INTRODUCTION 


Peach seedlings are generally considered satisfactory rootstocks 
for standard varieties apricot grown North America, and these stocks 
are most widely used, although some instances incompatibility have 
been reported (1). Incompatibility with peach rootstock became problem 
British Columbia when the apricot variety Reliable was introduced 
and grown commercially. Reliable showed high degree incompatibility 
with peach stock and many apparently vigorous and healthy trees broke 
the bud union. Most the trees that were lost broke the age years. 
Mechanical weakness apricot scion with peach rootstock not confined 
the Reliable variety. Varieties such Old Moorpark, Riland, and Per- 
fection may also produce mechanically weak unions with peach stock, 
although lesser extent than Reliable. the other hand, incompati- 
bility symptoms were never observed trees apricot seedling rootstocks. 


Reliable had been successfully used parent apricot breeding 
the Summerland Experimental Farm. was, therefore, considered neces- 
sary check every promising selection, regard its compatibility with 
peach rootstock, before the selection might named introduced for 
commercial trial. Simple methods testing incompatibility were sought 
which could adopted routine technique apricot breeding work. 
Chang (3) stated that there method predetermining incompatibi- 
lity. Attempts Chang (3) and Herero (5) failed relate incompati- 
bility differences the anatomy stock and scion, biochemical 
taxanomical relationships. Herrero (5) classified incompatible combi- 
ations as: those showing symptoms only the graft union; and 
those showing also decrease growth, ill health, premature degeneration 
phloem, and abnormal distribution starch. The incompatible com- 
binations apricot varieties peach rootstock appear belong the 
first group showing only mechanical weakness the bud union. 


1 Contribution No. 943 from the Division of Horticulture, Experimental Farms Service. 
? Horticulturist, Fruit Breeding, Experimental Farm, Summerland, B.C. 
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The work other investigators has shown that structural weakness 
the bud union might associated with the following symptoms: dis- 
ease breaking the union (3, 10); smoothness the breaking sur- 
face (3, 10); and swelling the bud union (4, Mainly, the above 
symptoms were studied order select those which were the most con- 
venient the identification incompatible combinations the given 
plant material. 


Bradford and Sitton (2) stated that the chief manifestation incom- 
patibility the failure maintain cambium continuity across the graft 
union. Herrero (5) demonstrated that definite signs incompatibility 
could detected one-year-old unions plums. Parenchymatous areas 
cork layers appeared between the wood stock and scion. Thiel (11) 
showed that, relatively early stage fusion stock and scion, the 
incompatible unions are characterized brown isolating 
which arises through the death cambial marginal cells from 
both components. later stage, the break the cambium results 
discontinuity bark and wood tissue the union line. This discontinuity 
the form pits grooves with tissues turned inwards from both 
sides the union and with parenchymatous necrotic tissues enclosed 
the deeper layers (2, 6). The necrotic tissues are mainly those outer 
bark, turned inwards, and parenchymatous tissues tend fill the vacant 
spaces. 


The merits several methods detecting incompatibility were ex- 
amined and the results the application these methods certain 
apricot selections are presented. 


MATERIALS AND METHODS 


The stock-scion compatibility relations certain apricot varieties and 
peach rootstock are relatively well known. addition casual obser- 
vations commercial orchards, information was collected through ques- 
tionnaire filled 435 fruit growers British Columbia 1953. From 
1954 1957, further observations the incidence loss standard 
apricot varieties peach rootstock were made the rootstock plantings 
the Experimental Farm. This information served basis for identi- 
fication and evaluation incompatibility symptoms the material used 
for the present experiment. 


Two sets trees were grown for the experiment. the first set, five 
commercial apricot varieties—Blenheim, Perfection, Reliable, Tilton, and 
Wenatchee—were budded peach and apricot seedling rootstocks. The 
budding was done 1952 and the trees were examined 1954—one-half 
the material August and the other half December. Since the first 
set trees involved both compatible and incompatible rootstocks— 
apricot and peach, respectively—and varieties with known contrasting 
degrees incompatibility peach rootstock, the plant material gave 
opportunity study the laboratory methods testing incompati- 
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the second set trees, only peach rootstock was used. addition 
the above five commercial varieties, the Riland, Sunglo, and Trevatt 
varieties and thirteen apricot seedling selections were included the experi- 
ment. Riland was added the group standard varieties, its degree 
incompatibility with peach rootstock relatively well known. Sunglo, 
Trevatt, and the thirteen seedlings were included unknowns, with the 
intention determining the degree incompatibility for each compar- 
ison with the standard varieties. Trees were budded 1953 and examined 
September, 1955. 

The experimental trees were budded seedlings during their first 
year’s growth August. Budding was done the same person both years. 
The bud shield was cut relatively long, about cm., and with little 
wood attached. early spring, the stock above the bud was cut off, leaving 
stub 1.5 cm. above the bud, and the wound was sealed with grafting 
compound. the first experiment, the tree vigour was recorded and the 
number trees broken wind was counted during the first growing 
season. Since the rootstock had appreciable effect the growth 
grafts, and since the loss trees natural breaking the first year was 
very low, these observations were discontinued. 

The trees were dug the end the second year’s growth and examined 
the laboratory. The examination included the following: measurement 
swelling the stem the bud union, evaluation discontinuity 
bark and wood tissues the union line, measurement mechanical 
strength the union, evaluation the breaking surfaces the broken 
unions, and microscopical observations the wood tissues the union 
line. Fifteen twenty trees were examined each combination (variety 
rootstock examining date). 

Swelling the stem the bud union was calculated measuring 
the cross section the stem approximately cm. above the bud union 
(A) and the bud union (B). Swelling was expressed as: 


100 
A 


Swelling Index 


Bark tissues the union line were examined macroscopically 
slicing the bark thin sections. Wood tissues the union line were 
examined from the surface and tangential and radial sections. Dis- 
continuity (pitting) wood tissues was best observed from the surface with 
the bark peeled off, while the distortion the conducting tissues and 
enclosures parenchymatous and cork tissues the union line were exam- 
ined radial sections. 

The orientation xylem tissues was better observed stems when 
their cut ends had been dipped weak solution fuchsin. Discontinuity 
bark and wood tissues and enclosures foreign elements were taken 
signs incompatibility and were evaluated 
values from 10, indicating high discontinuity, and complete 
continuity with enclosures. 

Trees were broken the bud union device similar that used 
Chang (3). The force required break the union was measured using 
fruit pressure tester and was expressed pounds per square cm. cross- 
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section the stem above the union. The smoothness the breaking sur- 
face was evaluated and score values given from 10, indicating very 
smooth break surface and very rough break surface. 


Two three sections each variety-rootstock combination were 
examined microscopically study the general structure the union and 
identify the enclosures the union line. Small blocks wood, including 
the graft union, were fixed chrom-acetic acid solution and were soaked 
water for hours; then longitudinal-tangential longitudinal-radial 
sections were made. The sections were bleached aqueous potassium 
permanganate-oxalic acid solution and stained with safranin and fast 
green. Exploratory examinations were made free-hand sections fresh 
material which was subsequently stained with safranin and fast green. 
Bark sections fresh material were treated with 0.5 per cent fluoroglucin 
concentrated hydrochloric acid. 


RESULTS AND DISCUSSION 


The data natural breakage apricot trees different varieties 
grafted peach rootstock are compiled Table The observations 
commercial orchards and the records from the rootstock plantings the 
Experimental Farm give conclusive evidence that Reliable makes weak 
union with peach rootstock. Perfection showed this tendency lesser 
degree, Wenatchee and Tilton proved relatively compatible, and 
Blenheim was fully compatible with peach rootstock. These data provide 
firm basis for the present studies different symptoms incompatibility, 
especially those symptoms closely related the mechanical weakness 
the graft union. 

August 1954, only two types measurement were made: those for 
calculating the swelling index, and the pressure required break the bud 
union. Since the swelling index did not show significant differences between 
rootstocks and since the pressure figures, although showing differences 
between rootstocks, did not indicate the incompatible varieties within 
rootstock, other differentiating characters were included further tests. 


TABLE 1.—INCIDENCE OF NATURAL BREAKING OF APRICOT TREES BUDDED ON PEACH 
ROOTSTOCK IN COMMERCIAL ORCHARDS AND EXPERIMENTAL FARM PLANTINGS 


Commercial orchards in B.C.1 | Rootstock plantings at Experimental Farm 
Variety Total trees Broken trees Broken trees 
reported Number Percentage planted Number Percentage 

Reliable 7218 1713 23.7 213 160 75.1 
Riland 2737 3.1 

Perfection 2785 2.8 11.5 
Wenatchee 25243 337 1.3 
Tilton 4933 50 1.0 13 1 7.7 
Blenheim 2682 0.4 0.0 


1Annual Report of Experimental Station, Summerland, B.C., for 1954. (A. J. Mann and F. W. L. Keane). 
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The average values the various measurements and evaluations 
made three different examinations are summarized Table 


Swelling Index 


Trees incompatible rootstock-scion combinations frequently show 
swelling the bud union. Measurements swelling are useful index 
incompatibility because recording simple and measuring does not 
require destruction the trees. The swelling index, however, calculated 
this experiment, did not differentiate between the two rootstocks 
August, 1954, and did not distinguish between compatible and incompatible 
varieties peach rootstock other tests. trees their second year 
after budding, the swelling does not develop the point where serves 
differentiating character. 


Pressure Required Break Bud Union 


The main point interest was whether the apricot varieties known 
incompatible with peach rootstock showed greater resistance break- 
age apricot than peach rootstock. 

August, 1954, apricot varieties showed, the average, significantly 
lower resistance breakage peach rootstock than apricot, especially 
the incompatible variety Reliable. Wenatchee showed incompatibility 
small degree only. the other hand, the compatible variety Blenheim 
showed lower resistance apricot than peach rootstock. 

December, 1954, the varieties were, the average, apparently 
more resistant breakage when budded peach rootstock than apricot, 
unexpected situation. However, the analysis the performance 
individual varieties reveals that great resistance breakage peach 
stock shown only varieties which are for practical purposes compatible 
with this rootstock. The incompatible varieties did not show difference 
resistance breakage the two rootstocks this time the year. 

September, 1955, when only trees peach rootstock were available 
for analysis, high resistance breaking was shown Reliable and Tilton, 
the varieties representing respectively low and high compatibility with 
peach rootstock. 

The above data indicate that the measurements pressure required 
break the bud union recorded the present experiment did not serve 
reliable index incompatibility apricot varieties peach rootstock. 

Incompatibility symptoms develop the trees grow older. Only 
extremely incompatible combinations manifest themselves during the 
first year after grafting, then mainly poor take, slow growth, sudden 
death the grafts. More symptoms develop during the second and third 
years growth. Natural breakage the union apricot most prevalent 
during the period from years age. Practically breakage occurred 
the 2-year-old nursery trees. With incompatible combinations, how- 
ever, few trees were found half-broken; these had breaks varying 
degrees the union line. Apparently gusts wind may break some trees 
gradually. order simulate the action wind gusts the trees, the 
force applied break the trees the breaking device should sharper, 
more abrupt than the method used the experiment. 
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Continuity Bark Tissues 

incompatible stock-scion combinations, discontinuity bark 
tissues the union line was observed the phloem the form 
The pits followed closely the line union between the scion and rootstock 
and appeared row dark dots, making the observation and evaluation 
extremely easy (Figure 1). The pits were filled with periderm, the cork cells 
being arranged neat radial rows. 

Striking differences the amount pitting were found both between 
trees apricot and those peach rootstock, and between varieties 
peach stock. 

Trees apricot rootstock showed almost pitting. peach 
rootstock, both tests, December, 1954, and September, 1955, the in- 
compatible variety Reliable had very low values continuity score while 
the compatible varieties Blenheim and Tilton rated high for this 

Bark pitting was found very useful indicator incompatibility. 
The outer bark can sliced off portion graft union without damaging 
the tree. 


Continuity Wood Tissues 


certain amount distortion wood tissues the form twisting 
and bending the vascular elements was observed the union line all 
stock-scion combinations. the compatible combinations the tissues, 
although not following straight line, were continuous across the union, 
while the incompatible trees the distortion was usually severe and 
certain proportion tissue was interrupted the union line row 
pits. The pitting was easily observed from the surface the stem after the 
bark was peeled off (Figure 2.) The row pits formed definite groove 
the wood, where the phloem tissues had been turned inward. The pits 
were filled with periderm the outer portion the wood and with paren- 
chymatous necrotic tissues deeper layers. The pitting was very pro- 
nounced Reliable peach rootstock and usually well expressed Per- 
fection peach. 

Macroscopical examination longitudinal-radial longitudinal- 
tangential sections the union showed definite line division between 
all apricot varieties and peach rootstock. The union line was usually not 
obvious combinations apricot varieties and apricot rootstock. 
some combinations the gap between the graft components was relatively 
wide certain areas and filled with gummy masses. 

Continuity scores showed highly significant difference between the 
trees apricot and those peach rootstock. Trees apricot rootstock 
were rated very uniform this character. peach rootstock, the varietal 
differences were marked; both years Blenheim gave significantly higher 
and Reliable lower values than the other varieties under test. the other 
varieties, Tilton and Wenatchee showed tendency high degree 
continuity wood tissue while Perfection had relatively low values for this 
character, especially the test September, 1955. 


Continuity wood was one the best indicators incompatibility. 
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Discontinuity bark. Reliable apricot seedling showing 
signs discontinuity, and Reliable peach seedling (right), showing distinct 
line pitting the union. The outer bark has been removed. 
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Smoothness breaking surface. Reliable apricot with rough 
break and peach (right) with smooth breaking surface. 


| 


= 

; 


April, 1959] LAPINS—PEACH ROOTSTOCK FOR APRICOTS 201 


Smoothness Breaking Surfaces 

The breaking surface trees apricot rootstock was usually very 
rough, showing many long splinters. Trees peach rootstock showed 
great variability smoothness the breaking surface, varying from very 
rough very smooth (Figure 3.) 

highly significant difference was found between trees all varieties 
apricot rootstock and those peach. Varietal differences apricot 
rootstock were negligible, but those peach stock were marked, Blenheim 
showing the highest and Reliable the lowest values. the other varieties, 
Tilton and Wenatchee had tendency rough breaking surface, while 
Perfection trees usually had smooth breaking surface peach stock. 

Smoothness breaking surface may considered the best indicator 
stock-scion incompatibility. gave higher measurement differences 
than the other characters under observation, between trees apricot and 
those peach rootstock. The rating incompatibility the varieties was 
close agreement with the known incompatibility the varieties. 


Correlation Breaking Surface Ratings with the Other Measures 
Incompatibility 

the breaking surface ratings appeared the best measure 
incompatibility, linear correlation coefficients were calculated between 
this character and the others used this experiment. For the 1955 data, 
two sets five values were calculated: one set for standard varieties only 
(comparable December, 1954, data) and one for all varieties (Table 3). 


TABLE BREAKING SURFACE RATINGS WITH CERTAIN OTHER 
MEASURES INCOMPATIBILITY 


Linear correlation coefficients 
breaking surface with: 
Date examination 


Swelling Required Continuity Continuity 

index pressure bark wood 
December, 1954, varieties +0.901** +0.932** 
September, 1955, varieties +0.495** +0.554** 
September, 1955, varieties +0.091 +0.651** +0.626** 


The correlations between the values breaking surface ratings and 
those continuity bark and wood were relatively high. All three 
characters can serve good indicators incompatibility. Because the 
high correlation between them, and because the ratings each these 
characters gave good agreement with the known degree incompatibility 
the standard varieties, evaluations one two these characters may 
omitted. possible obtain data continuity bark and even 
wood (by exposing the wood surface narrow strips) without destroying 
the tree, one both the two methods may used preference the 
breaking surface ratings, especially cases where retention the experi- 
mental trees important. 
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The swelling index showed moderate low correlations with the 
breaking surface ratings, while the required pressure data gave low values 
all instances. 


Degree Incompatibility Some Newer Varieties and Seedling Selections 


The methods described above were applied number varieties 
and apricot seedlings the incompatibility status which was not known. 
analysis variance was made for the set data including the six 
standard varieties; also these varieties are included Table thus repeat- 
ing the 1955 data Table 


Arrangement the varieties the order their mean values break- 
ing surface ratings seems have grouped them their approximate order 
increasing incompatibility. Thus Trevatt, which similar Blenheim 
tree and fruit characteristics, showed good compatibility peach stock, 
similar that Blenheim, while Sunglo showed tendency slight 
incompatibility, similar that Riland and Perfection. Most seedling 
selections indicated moderate strong incompatibility, similar that 
Reliable. Should any these selections introduced and named, this 
information will valuable. evident the second column the table, 
all incompatible seedlings have Reliable one parent. 
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EVAPORATION RATES SMALL DROPS TWO DDT 
OIL 


Canada Department Agriculture, Ottawa, Ontario 


for publication November 17, 1958] 


ABSTRACT 


Small drops oil solution DDT which the solvent methylated 
naphthalene and fuel oil (2:7) and the DDT content per cent decrease 
volume rapidly. microns diameter and smaller would pro- 
bably reduced one-half their original volume less the time they had 
fallen 100 feet. 

Drops formed from solution containing similar amount DDT but 
having base oil and diesel fuel solvents were much less volatile. 


INTRODUCTION 


Oil solutions technical grade 2,2-Bis 
loroethane (DDT) are widely used aircraft sprays for control insects, 
especially those attacking forests (1,7). Quantitative information the 
extent evaporation which occurs during spray droplet descent lacking. 
Any change volume will affect the concentration insecticide the 
depositing drop, the rate fall and drift the drop, and assessment 
the deposit the stain-sizing method Evaporative loss was studied 
measuring individual drops intervals until their volumes had de- 
creased one-half less their original values. 


Two solutions were used: the first, per cent DDT solution 
methylated naphthalene solvent (Velsicol 50, see Table and fuel 
oil used Hurtig al. (5) sprays for control the spruce budworm, 
Choristoneura fumiferana (Clem.); and the second, 12.5 per cent DDT 
solution Standard Oil Company Base Oil (see Table and diesel 
fuel oil used the black-headed budworm, Acleris variana (Fern.), 
spray operation northern Vancouver Island, 1957 (3). 


METHODS 


droplet generator described Rayner and Haliburton (8) was set 
produce stream drops the solution tested. The apparatus 
used measure the drop diameter and control the flow air past the 
static drop shown Figure 1a. glass wool fibre was cemented across 
0.5-cm. diameter opening the side 7-cm. length Pyrex glass tubing. 
One end this tube ended 7/25 female standard taper joint, and the 
other end was closed (Figure 1b). The stream drops produced the 
droplet generator was directed through the side opening until one adhered 
the glass fibre. The tube was immediately joined male fitting fixed 
the mechanical stage microscope. The apparatus was connected 
rubber tubing source vacuum through needle valve and flowrator 
(Figure 1a). The air flow rate was adjusted give linear flow through 
the side opening 17.5 cm. per second; this rate corresponds the air 


No. 503, Forest Biology Division, Science Service, Canada Department Agriculture, 
Ottawa, Ont. 
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(a) Apparatus set for observing evaporation drop current 
air; vacuum line and needle valve (centre) connect top flowrator tube 
not shown; bottom flowrator connects with observation tube microscope stage. 
(b) Observation tube and taper fitting clip slide holder mechanical stage. 
(c) Drop solution glass fibre with image scale and movable cross-hair. 


4 
3 
Wa 


April, 1959) HOPEWELL—EVAPORATION RATES TWO DDT OIL SOLUTIONS 205 


flowing past falling drop approximately microns diameter. pre- 
adjustment the stage and focusing the microscope the glass fibre 
(Figure 1c), the captured drop could measured with eyepiece micro- 
meter, usually within seconds the time was caught (zero time). 
Measurements the drop diameter were made 1-minute intervals for 
the first minutes and 5-minute intervals thereafter. The original 
diameter each drop was determined plotting the drop diameter versus 
the observation time and extrapolating zero time. For each diameter 
reading the volume was calculated and expressed percentage the 
original volume. Comparison the evaporation rates the different 
sizes drops was made the basis the time required for drop 
reach one-half its original volume. Tests were run drops the first 
solution, ranging size from 385 microns diameter, and 
drops the second solution, with drops ranging from 180 microns 
diameter. The room temperature during the tests ranged from 


MATERIALS 


The composition and some physical characteristics the solutions 
tested are listed Table 


RESULTS 


Figure shows the results plotting drop diameter versus time for 
some the tests with both solutions. The percentage volume loss versus 
time curves for few drop sizes each solution are shown Figure 
The was determined for each drop from data plotted 


TABLE 1—COMPOSITION OF THE SOLUTIONS WITH SOME PHYSICAL CHARACTERISTICS 
OF SOLUTIONS AND SOLVENTS 


Solution Solution 

DDT (technical) 10% 12.5% 
Velsicol 50! 20% none 
Fuel oil No. 69.5% none 
Dye (Dupont oil red) 0.5% none 
Base oil WT? none 35.7% 
Diesel oil none 50.0% 
Atlox none 1.8% 
Specific gravity (25° C.) 0.90 0.94 
Viscosity (Centipoise 25° C.) 


Boiling Points Solvents Solutions and (°F.) 
Initial 50% distilled Final 


Velsicol 396 472 550 
Fuel oil 340 456 595 
Base oil 506 592 690 
Diesel oil 350 515 668 


1 Mostly mono- and dimethylnaphthalenes. (Source: Velsicol Corp., Chicago, IIl.). 
2 A petroleum product developed for use as a solvent or diluent for pentachlorophenol and creosote in wood 
Preservative formulations. It is also used as a solvent for DDT in control of mosquitoes and other pests. 
One series emulsifiers developed for use with agricultural pesticides. (Source: Atlas Powder Co., 
Wilmington, Delaware). 
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DROP DIAMETER (MICRONS) 


100 


AGE DROP (MINUTES) 


_Ficure Plot measured diameters selected drops against their age for two 
oil solutions DDT. 


Figure and the values for both solutions were then plotted log- 
log paper for comparison (Figure equation for the line best fit 
(of the form where drop diameter microns and minutes 
reach half-volume) was calculated for each solution. The calculated 
equations for solutions No. and No. are respectively: 
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DISCUSSION 


The time required for drops different sizes settle when sprayed 
from height 100 feet was estimated from the rate fall water drops 
air given Brooks (2) (see Table 2). 


The rate fall oil drops would somewhat less than indicated 
above because their lower density. Also, the figures given above for 
rate fall assume constant diameter, whereas the case Solution 
the smaller drops will have lower average rate fall than indicated, 
result evaporation. illustrated Figure the rate evaporation 
initially maximum and decreases the more volatile components are 
lost. Drops Solution which are the order 100 microns diameter, 
would have been appreciably reduced size during the more minutes 
required fall 100 feet, since the tests show that drops this size shrink 
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Volume decay curves for selected drops two oil solutions DDT. 
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TABLE 2—TERMINAL VELOCITIES WATER DROPS FALLING AIR 
AND TIME FALL 100 FEET! 


Drop diameter Rate fall Minutes fall 

(microns) 100 ft. 
14.8 6.7 

100 1.8 

150 100 1.0 

200 142 0.7 

300 235 0.4 

400 330 0.3 


1Data from Brooks(2). Constant volume assumed, volatile drops will have lower average rate fall. 


half-volume about minutes. Air spray drops the same solution, 
the order microns diameter when emitted, could shrink size 
quickly that their rate fall would greatly decreased and they would 
likely carried away from the target air currents. 


Solution No. was relatively non-volatile and drops small 
microns diameter would require about minutes shrink half- 
volume. With solutions such this, evaporation would not likely 
significant factor their use aircraft sprays. 


After the volatile components the drops had evaporated, the DDT 
and less volatile fractions remained and the drops stayed almost constant 
size per cent their original volume. Even after 3-5 days’ 
exposure the drop residues remained liquid the glass fibre. 
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VARIATION WEIGHT, VOLUME AND DIAMETER SOUR 
CHERRY FRUITS FROM INDIVIDUAL 


Canada Department Agriculture 


[Received for publication November 25, 1958] 


ABSTRACT 


sampling procedure proposed from study the variation weight, 
volume and diameter sour cherry fruits determined from samples picked 
from various parts the tree. Analysis variance showed that these values 
varied significantly according the level within the crown from which the 
samples were picked. The quarter the tree sampled may may not have 
significant effect. Fruit weight and volume are both highly correlated with 
diameter, and either value may used estimate fruit size. 


INTRODUCTION 


This paper describes methods developed for estimation variations 
the size sour cherry fruits. 

experiment was started 1956 provide precise information 
the effects cherry yellows and necrotic ring spot the growth sour 
cherry trees, and the yield and size fruits. These two diseases are regarded 
important sour cherry the Niagara Peninsula, but there has been 
adequate experimental evidence indicate the extent their economic 
importance. 

Methods are available for the estimations growth and yield required 
for such experiment. apparent from the literature (3, that the 
cross-sectional area the trunk, calculated from either diameter girth 
measurements, taken fixed height, gives reasonably accurate indi- 
cation total tree growth. Direct quantitative measurements yield 
can made. However, information available regarding sampling 
techniques for estimating variation the size fruits, other than the 
report Davis (1) that definite relationship exists between diameter 
and fresh weight peach fruits. Hence the following study was made 
determine variation due positional effects; the size and number 
samples needed minimize these effects; and the value sample weight 
volume estimate average fruit diameter. 


METHODS 

Sample Size 

Size sample had established before the main tests could 
made. number samples 100 cherries each were measured the 
nearest 32nd inch. These measurements were taken right-angles 
the stem axis means series accurately drilled holes hard- 
wood block. was apparent from the distribution curves obtained that 
insufficient number fruits had been used. When sample size was increased 
200, normal distributions were obtained for most samples. was, 
therefore, decided that sample 200 fruits would used. 
“1 Contribution No. 1734 from the Botany and Plant Pathology Division, and No. 3871 from the Entomology 
Division, Science Service, Canada Department Agriculture, Ottawa, Ont. 


? Associate Plant Pathologist, Plant Pathology Laboratory, St. Catharines, Ont., and Assistant Entomolo- 
logist, Entomology Laboratory, Vineland Station, Ont. 
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Tree Sampling 

For this study five 9-year-old Montmorency trees approximately 
uniform size were selected. determine the positional effect weight 
and diameter the fruit, samples were picked from the four quarters, north, 
east, south and west, and three levels, top, centre, and bottom, the 
crown the tree. The term here implies top tree, 
including its branches and that portion the trunk from which the branches 
samples were obtained from each tree. The fruits 
were measured described above. The total diameter for each sample was 
obtained summing the products maximum class value. 
After measuring the fruits each sample was weighed the nearest gram. 


TABLE 1.—MEANS TOTAL SAMPLE WEIGHTS THE FRUITS GRAMS 


Tree sampled 


Level 
1956 Top 808 763 778 792 743 777 
Centre 785 710 784 753 761 759 
Bottom 743 704 753 738 752 738 
1957 Top 856 728 919 856 830 838 
Centre 833 683 879 793 806 799 
Bottom 775 680 847 731 802 767 
1956 North 769 704 741 755 737 741 
East 746 725 779 758 735 752 
South 787 761 814 752 783 779 
West 812 713 752 779 737 758 
1957 North 816 681 876 781 802 791 
ast 831 666 890 788 839 803 
South 814 731 892 803 809 810 
West 824 708 870 800 801 801 
P.05=16 
TABLE VARIANCE FOR WEIGHT 
1956 1957 
Mean Mean 
Variance D.F square 
Tree 4.83** 54,079 
Level 7,496 25,077 41.80** 
Quarter 3,859 3.66* 899 1.50 
TxQ 1,343 1,253 2.09 
LxQ 1,068 1.01 1,781 2.97* 
TxLxQ 1,054 600 
Total 


Significant 
Significant 
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AVERAGE CHERRY WEIGHT GRAMS 


DIAMETER 32NDS INCH 


Comparison fruit diameter with weight. 


Means sample weight data are given Table and the analysis 
variance data appear Table the second year these tests sample 
volume was determined measuring the amount water displaced from 
2-litre side-armed erlenmeyer flask. fruit size increases very rapidly 
during the ripening period, all records for given tree were completed 
single day. 
RESULTS AND DISCUSSION 

Diameter-Weight Correlation 

There was high correlation between diameter and weight, 0.847 
1956 and 0.983 1957. For pair measurements the correlation 
coefficient required for significance the per cent level 0.325. The 
difference between the two years considerable. However, with corre- 
lations this magnitude sample weight can used reasonably accu- 
rate method estimating cherry fruit size. appears only necessary 
establish weight-diameter curve for each year. This may done 
weighing 200 fruits for each size grading. The graphs established this 
manner for 1956 and 1957 are shown Figure The upper and lower ends 
these curves may not accurate insufficient fruits were available 
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the sizes below 21- and above 28-32nds inch. However, since sample 
means fell within the range 22.2 26.0 1956 and 23.0 26.8 1957, 
the ends the curves may ignored. 


Analyses Variance for Weight 

Each year the variation weight fruit between trees was signi- 
ficant the per cent level. Obviously this variation extreme, differ- 
ences due experimental treatment may obscured. Therefore, any 
yield experiment factors such rootstock, budwood, fertilizer, pruning 
and spraying must uniform possible. 

Variation between crown levels was also significant the per cent 
level. It, therefore, became apparent that care must taken obtain 
all samples from uniform level within the crown. general rule the 
sample from the centre level given quarter was intermediate weight 
and diameter between those from the top and bottom (Tables and 2). 
Hence seems logical select the centre level for sampling. 

Variation between quarters was significant 1956 but not 1957. 
Thus, although may not always necessary, results would more 
reliable the quarter sampled was also constant throughout experiment. 


Relationship 

The data for sample volumes are not shown. However, high corre- 
lation 0.977 between diameter and volume was obtained 1957. Thus 
sample-volume could used estimate fruit size. 

The analysis variance for volume agreed with that for weight, 
that also indicated significant variation between trees and levels. 


Amount Sampling per Tree 
The amount sampling was determined the basis the between- 
sample variance. for the moment level and quarter differences are ignored 


then when samples 200 cherries each are taken from each tree the tree 
2 


mean has variance where the estimate variance (mean 


square between individual samples. The difference, between 
two trees will significant the level 


that is, 2.064 2S? 


The percentage difference detected the mean 


sample weight. Results for various sizes are shown Table Accord- 
ing these results each additional sample four considerably increases 
the efficiency the test. Sampling beyond this point, however, requires 
more work than the additional accuracy warrants, especially has been 
shown that variation between samples reduced when samples are taken 
from definite positions the tree. 
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TABLE 3.—DIFFERENCES BETWEEN MEANS REQUIRED FOR 
SIGNIFICANCE FOR VARIOUS VALUES OF n 


1956 1957 
94.8 12.5 8.9 
67.0 8.8 50.6 6.3 
47.4 6.2 35.7 4.5 
38.7 5.4 29.2 3.6 
31.6 23.8 3.0 
27.4 3.6 20.6 2.6 


1 Number of samples per tree : hse 
2 Difference in grams between means required for significance 
3 Percentage difference detectable 


CONCLUSIONS 


Each sample should consist 200 cherries this number gives near 
normal distribution curve. 

Either sample weight volume can used estimate average fruit 
diameter. The choice measurement depends upon the ease with which 
the data can obtained, rather than any statistical advantage one 
over the other. Sample weight would seem preferable most instances. 

For the greatest accuracy consistent with the economic use time 
four samples should taken from each tree. These samples are best taken, 
one from each quarter and given level throughout. suggested 
that the centre level chosen because samples this area were generally 
intermediate size and weight between top and bottom samples. This 
procedure will give adequate control variation within tree. 

Naturally discretion must used applying the methods described 
here experiments which the treatments affect dates ripening 
fruit shape. However, the cherry yellows and necrotic ring spot viruses 
that are being studied the major yield experiment referred the 
introduction have effect upon ripening fruit shape. 
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THE INHERITANCE RUST 


IV. MONOSOMIC ANALYSIS RUST RESISTANCE AND SOME OTHER 
CHARACTERS SIX VARIETIES WHEAT INCLUDING 
GABO AND KENYA FARMER! 


University Saskatchewan, Saskatoon, Saskatchewan 


[Received for publication December 1958] 


ABSTRACT 


previous papers this series, genes, designated controlling 
resistance stem rust were identified. determine the chromosomes 
carrying these genes, each the Chinese monosomics was crossed with the 
varieties, Gabo, Kenya Farmer, Egypt Na95 and Veadeiro. addition 
mono-X was crossed with Lee and mono-XX with Red Egyptian. The 
populations from the crosses were tested with either both races 15B 
and and some cases were classified for other characters. 


The gene Sr7 was found chromosome VIII but not linked the 
gene (Hooded). The locations genes Sr8, Sr9, and have 
been reported other authors and were confirmed follows: 
some XX, Sr8—chromosome VI, Sr9—chromosome XIII, and Sr12— 
chromosome (28% recombination). 


INTRODUCTION 


The production Sears (12, 14) complete series monosomic 
and nullisomic lines wheat has greatly facilitated linkage studies. 
Ordinary genetic methods are difficult use wheat because its large 
number chromosomes 21) and its polyploid nature. the use the 
various aneuploids, chromosomes carrying specific genes can identified. 


Four methods using the aneuploids locate genes have been des- 
cribed Sears (13). procedure involving chromosome substitution 
has been used extensively Sears, Loegering and Rodenhiser (15) and 
Kuspira and Unrau (8, 9). this procedure each the chromosomes 
the variety under study individually substituted for its homologue 
second variety. number backcrosses are made that the second 
recurrent parent reconstituted except for the single substituted chromo- 
some. The substitution lines are then compared with both parents 
determine the effect each chromosome. 


procedure which involves less crossing and cytological study, and 
consequently requires less time and labour, the study populations 
from crosses between variety and the monosomics nullisomics. The 
method works well for simply inherited dominant characters and has been 
used several authors (4, 11, 16, 17) studies characters such rust 
resistance. The location gene determined observing the segre- 
gations obtained the populations derived from monosomic plants. 
With single dominant gene large excess the dominant class over the 
expected 3:1 ratio will obtained. modification involving the study 
plants has been used Campbell and McGinnis (3). 

1The work reported in this paper = done under a grant from the Canada Department of Agriculture 


for Extramural Research Project EMR 
2 Associate Professor of Field i University of Saskatchewan, Saskatoon, Sask. 
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previous papers this series, Knott and Anderson (7) and Knott 
(5, have identified and named number genes conditioning resistance 
stem rust. The results studies begun 1952 determine the chromo- 
somes carrying these genes are reported the present paper. Relatively 
complete studies were made the varieties Gabo and Kenya Farmer and 
some additional work was done Lee, Egypt Na95, Veadeiro and Red 
Egyptian. all cases the method monosomic analysis was used. 


REVIEW LITERATURE 


The monosomic analysis Gabo was started before Knott and Ander- 
son (7) discovered that the variety carries the same genes for resistance 
Timstein and Lee. Sears and Rodenhiser (16) have shown that for resist- 
ance race 56, Timstein has two dominant, complementary genes which 
are linked chromosome Plessers (11) came the same conclusion 
for Lee and obtained recombination value 29.5 per cent between the 
two genes. the basis comparative reactions number races 
leaf and stem rust, Watson and Stewart (18) concluded that Gabo, Timstein 
and Lee all derived their rust resistance from the durum variety, Gaza. 
Knott and Anderson (7) used the symbols and for the two 
complementary genes. 

Knott (5, reported that Kenya Farmer carries one gene, for 
resistance race 15B and four genes, Sr9, Sr10, Sr11 and Sr12, for resist- 
ance race 56. Aslam and Ausemus (2) have suggested that Kenya 
Farmer carries one gene for resistance race 15B but addition has the 
recessive alleles two dominant, epistatic genes for susceptibility carried 
Lee, Mida and Thatcher. The two recessives act complementary 
genes conditioning mesothetic (X) type resistance. However, the 
results from crosses Kenya Farmer with Egypt Na95 and Timstein- 
Henry are fitted single gene ratio. 

Egypt Na95 was shown Knott and Anderson (7) have gene 
Sr7 for resistance race 15B and genes Sr9 and for resistance 
race 56. Aslam and Ausemus (2) reported that Egypt Na95 susceptible 
race 15B. 

Knott (5) reported that Veadeiro carries genes Sr9 and for 
resistance race 56. addition the variety has mature plant resistance 
race 15B which may conditioned two genes. 


MATERIALS AND METHODS 


brief description the varieties used this study given below: 
Gabo (C.I. 12795)—An Australian variety from the cross Bobin? Gaza. 
Gabo resistant race but susceptible race 15B. 

Kenya Farmer (Kenya 338 AC. 2.E.2, 187165)—A Kenya variety from 
the cross (Button’s 73.D.21.1. (L)) (Bobin? Gaza). Kenya Farmer has 
good resistance both race 15B and race 56. 

Lee (C.I. 12488)—A Minnesota variety from the cross Hope Timstein 
(sib Gabo). Lee similar Gabo rust reaction. 
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Egypt Na95 (C.I. 12894)—A Kenya variety from the cross Kenya 
Egypt Na95 resistant races 15B and 56. 


Red Egyptian (C.I. 12345)—An Ethiopian variety having good resistance 
races 15B and 56. 


Veadeiro (P.I. 192475)—A Portuguese variety. Veadeiro resistant 
race and has mature plant resistance race 15B. 

Gabo, Kenya Farmer, Veadeiro and Egypt Na95 were each crossed 
with the Chinese monosomics and with normal Chinese. Lee was 
crossed with only few the monosomics. some cases the most vigorous 
nullisomics (I, VII, XI, XIV and XXI) were used either addition 
place the corresponding monosomic. Rust tests were conducted 
the populations and some cases families. The methods 
conducting seedling and field rust tests have been reported previous 
papers this series. 

Aceto-carmine smears were used for cytological studies meiosis 
pollen mother cells. 


RESULTS 


GABO AND LEE 

Rust Resistance 

The plants from the crosses between the aneuploids and Gabo were 
not studied cytologically. was hoped that growing sufficiently large 
number families from each cross, the critical monosomic line lines 
could determined the basis disturbed ratio. (The critical line 
the one which monosomic for the chromosome carrying the gene 
under study). 


Large populations from the Gabo crosses were grown the field 
1953 under artificial epidemic race 56. natural rust infection 
developed the Saskatoon area and, consequently, only race was 
present the nursery. Gabo was found carry high per cent 
moderately resistant type pustules. Typically the stem pustules were small, 
round, and partially covered flap epidermis. Since even the resis- 
tant parent showed considerable rust, the separation resistant and 
susceptible plants populations was difficult. Furthermore, the 
progeny segregated for lateness and winter habit and this also complicated 
classification. Only those plants that had headed the end the growing 
season were classified for rust reaction. 


TABLE 1.—SEGREGATION FOR RESISTANCE RACE SEEDLINGS FROM THE 
CROSSES, CHINESE GABO AND MONO-X GABO 


Number plants 


Female parent plants 
Resistant Susceptible 
Chinese Normal 
Mono-X Normal 
Mono-X 172 
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The segregation the cross between normal Chinese and Gabo was 
good fit ratio moderately resistant susceptible plants (actual 
segregation 69:976). This seemed indicate that two complementary 
recessive genes conditioned resistance. Since the genes were recessive, 
disturbance the ratio the critical monosomic line lines would 
depend the genes being effective when hemizygous. Actually, none 
the populations had significantly more than resistant plant and 
many had less. Consequently, the chromosome chromosomes carrying 
the genes could not determined. 

the same summer that the field tests were made, Knott and Anderson 
(7) found that cross between Gabo and Timstein did not segregate for 
resistance race 56. the basis this and other data they concluded 
that Gabo and Timstein are sibs from the same cross. similar conclusion 
was reached Watson and Stewart (18). Since Sears and Rodenhiser (16) 
have shown that seedling resistance Timstein conditioned two 
dominant complementary genes chromosome was assumed that 
the same two genes were present Gabo. The seedlings from crosses 
between Chinese and Gabo, and monosomic and Gabo were, therefore, 
tested with race 56. The results are given Table Gabo shows type 
reaction race and the populations clear segregation for 
type and type reactions was obtained. The segregation the cross 
with normal Chinese close 9:7 ratio but excess resistant plants 
present, indicating that resistance controlled two dominant, com- 
plementary, linked genes. Almost all the progeny mono-X 
plants were resistant showing that both genes are carried chromosome 
There little doubt that these same two genes condition field reaction 
race but apparently the adult plant they behave recessives and 
are not effective the hemizygous condition. Knott and Anderson (7) 
used the symbols and for them. 


TABLE 2.—SEGREGATION FOR RESISTANCE RACE SEEDLINGS FROM THE 
CROSSES, CHINESE LEE AND MONO-X LEE 


Number plants 


Female parent plants 
Resistant Susceptible 
Chinese Normal 372 229 
Mono-X Normal 113 
Mono-X 


TABLE BETWEEN SR11 AND SR12 CALCULATED FROM THE DATA 


Cross 
Resistant Susceptible value (%) 
Chinese Lee 485 291 29+4.9 


Pooled value = 28 + 4.3 
Heterogeneity x? = .2606 


ay 
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check the results further studies were made lines from 
the mono-X Gabo cross. Nineteen lines derived from mono-X 
plants were grown. seedling tests 449 plants these lines were resistant 
and susceptible, confirming the results. 

Since the variety, Lee, hybrid involving Timstein, should also 
carry the genes, and Sr12, chromosome The seedlings from 
between mono-X and Lee were tested with race 56. The results are 
given Table expected the data show that Lee carries two genes 
chromosome and, thus, agree with the results obtained Plessers (11). 

Sears al. (15) have shown that Hope, which one the parents 
Lee, has gene for rust resistance chromosome VIII. The seedlings 
from cross between mono-VIII and Lee were tested with race but 
evidence was obtained that this chromosome carried gene for rust re- 
sistance. 

The data from the crosses between Chinese and Gabo, and Chinese 
and Lee were used obtain measure the recombination between Sr11 
and The results are given Table appears that and Sr12 
are about crossover units apart. Plessers obtained similar value, 29.5. 


Growth Habit 


The progeny from the cross between Gabo and Chinese segregated for 
winter growth habit. Classification the families was somewhat 
difficult since full range types, including many very late plants, was 
present. When only those plants which failed head the end the 


TABLE FOR WINTER HABIT POPULATIONS FROM CROSSES 
BETWEEN THE CHINESE MONOSOMICS AND GABO 


Number plants 
Winter habit Spring habit 

Chinese 1045 1:40.2 

406 1:58.0 1.0 
-VI 721 1:60.1 1.0 
-VII 782 02-.05 
892 1:49.6 30-.50 
-IX 947 1:30.5 
-XI 955 1:43.4 
-XIV 411 1:137.0 
-XV 347 1:49.6 
-XVI 170 1:85.0 
-XVII 933 1:77.8 
654 1:65.4 1.0 
-XX 570 1:63.3 1.0 
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growing season were counted winter types, the segregation approxi- 
mated winter spring. The data are given Table The cross with 
normal Chinese had slight excess winter plants with value 
between .02 and .05 for 1:63 ratio. All except the monosomic 
crosses gave good fits 1:63 ratio. The cross involving mono-VII 
showed small excess winter plants and the cross with mono-IX very 
large excess. There little doubt, therefore, that Gabo has gene for winter 
habit chromosome IX. Sears (14) and Unrau (17) have reported that 
Chinese has gene for spring habit this chromosome. 

the 1:63 ratio correct, then three complementary recessive genes 
are necessary produce the full winter habit growth. One variety 
must carry two the genes and the other variety, one. already indi- 
cated one the genes chromosome Gabo. Gabo carries 
another gene for winter habit, then second cross should have shown 
substantial excess winter plants. While this did not occur, the cross 
between mono-XVIII and Gabo there was large number very late 
plants. This might mean that Gabo carries gene for winter habit chrom- 
osome XVIII but the gene ineffective when hemizygous. Thus plants 
that were hemizygous for this gene and homozygous recessive for the re- 
maining two genes would late but not winter habit. Sears (14) has 
suggested that chromosome XVIII Chinese carries gene for spring 
habit since monosomic plants are late heading. Thus Gabo could have 
allele this gene which conditions winter habit but also could that 
the many late plants the cross between monosomic XVIII and Gabo 
are merely due the absence the gene for spring habit. 

least one the genes for winter habit must carried Chinese. 
The plants that are monosomic for the chromosome carrying this gene 
should give progeny that are all spring habit. The cross with mono-XIV 
came closest this, having only winter habit plants out 414. Since 
cytology was done the plants, all the segregations obtained prob- 
ably combine results from progeny both monosomic and disomic plants 
and the winter habit plants could have come from disomic parents. 
possible, therefore, that the winter habit gene Chinese chromosome 
XIV. While the data are not too conclusive they suggest that Gabo has 
genes for winter habit chromosomes and XVIII and Chinese has 
gene chromosome XIV. 


Awns 

Although Gabo awnletted and Chinese hooded the progeny 
from the cross segregated for awns. The families grown the field were 
classified for awning but the segregations did not appear fit any ratio. 
However, the cross with mono-IX contained fewer awned plants than the 
cross with normal Chinese and the crosses involving chromosomes VIII, 
XVI, XXI and possibly VII had more. The results agree fairly well with 
reports Sears (14) who indicated that chromosome Chinese carries 
the gene for non-inhibition awns, chromosome VIII carries the gene 
for hooded and chromosome XVI carries inhibitor awns. Sears 
did not report that chromosome XXI had any effect awning; however, 
Heyne and Livers (4) found that had effect the variety Pawnee. 
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KENYA FARMER 
Rust Resistance 
The plants from crosses between the Chinese monosomics and 
Kenya Farmer were studied cytologically. Even disomic plants showed 
considerable number micronuclei pollen quartets. Metaphase counts 
showed that one chromosome pair failed form bivalent about per 
cent the time. chain ring four was noted that failure pair 
must have been due some cause other than translocation. Pollen 
mother cells from monosomic plants frequently showed configuration 
metaphase instead 2011 The monosomic plants showed 
some sterility, particularly the greenhouse, with certain crosses being 
much more sterile than others. 


TABLE 5.—SEGREGATION FOR RESISTANCE RACE 15B SEEDLINGS FROM 
CROSSES BETWEEN THE CHINESE MONOSOMICS AND KENYA FARMER 


Number plants 
Resistant Susceptible 
Mono-I 
Mono-III 
Mono-IV 
Mono-V Normal 1.0 
Mono-V 
Mono-VI 
Mono-VIII Normal 1.0 
Mono-IX 1.0 
Mono-X 
Mono-XI 
Mono-XII 1.0 
Mono-XIII 
Mono-XIV 
Mono-XVI 1.0 
Mono-XVII Normal 1.0 
Mono-XVII 
Mono-XIX 
Mono-XX 
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The progenies from both monosomic and disomic plants were grown 
the field 1954 under epidemic race 15B. While artificial inocu- 
lations were made only with race 15B, heavy natural epidemic, which 
may have included other races, developed the area. The epidemic was, 
however, very largely race 15B. 


All the plants were pulled and classified according the per- 
centage rust the stems. Kenya Farmer showed only trace rust 
whereas Chinese was highly susceptible. The plants from the 
Kenya Farmer cross ranged from trace per cent rust with per 
cent the plants having only trace. The progeny from each the 
crosses with the monosomics ranged from trace least per cent 
rust. Although there was considerable variability among the crosses most 
them contained about per cent plants showing only trace rust. 
The progeny disomic plants showed much variability the pro- 
geny monosomics and, result, the chromosome carrying the gene for 
resistance race 15B could not determined from the data. 


the same summer that the plants from the monosomic crosses were 
grown the field, number families from backcross Kenya Farmer 
Thatcher were tested the field. reported Knott (5) the data from 
the backcrosses showed that Kenya Farmer carries one main gene for 
resistance race 15B. The results indicated that the gene was only parti- 
ally dominant that heterozygotes carried per cent rust. 
hemizygotes react similar fashion heterozygotes, the critical 
monosomic cross only nullisomic plants and plants carrying isochromo- 
some telocentric chromosome lacking the gene for resistance should 
carry over per cent rust. the Chinese Kenya Farmer cross 24.7 per 
cent the plants had per cent more rust. the monosomic crosses 
the only outstanding deviation from this percentage was for chromosome 
VIII where only plants had more than per cent rust. Unfortun- 
ately, plants monosomic for chromosome VIII had been largely sterile 
and, consequently, the number plants tested was small and the signi- 
ficance the deviation was considered doubtful. 

The progenies from both monosomic and disomic parents were next 
tested the seedling stage with both race 15B and race 56. The results are 
given Table With race 15B Kenya Farmer gave type 
reaction with considerable chlorosis and tip killing. the progenies 
was found that segregations fitting ratio resistant susceptible 
plants were obtained all plants having considerable chlorosis were called 
resistant. This meant counting resistant some plants having 
reaction. The segregation all but two the progenies from both 
normal and monosomic plants, fitted 3:1 ratio. The progeny 
plants monosomic for chromosome segregated resistant susceptible 
with for 3:1 ratio falling between .02 and .05. Since segregations 
were tested not surprising that one gave value below .05 and 
considered unlikely that the deviation significant. From the cross with 
chromosome VIII, 160 plants were tested and all proved resistant. 
The results show clearly that the gene for resistance race 15B carried 
Kenya Farmer chromosome VIII. Knott (5) has shown that the gene 
Sr7. 
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Since has been suggested Knott (5) that Kenya Farmer carries 
one major gene which modifies the resistance conditioned Sr7, the data 
were studied for any indication its location. The critical monosomic line 
should have all highly resistant and moderately resistant plants the 
modifier effective when hemizygous. Neither the field nor the seedling 
tests showed any cross having such deviation from the normal. 


The results from tests with race populations from crosses be- 
tween the monosomics and Kenya Farmer were more difficult analyse. 
Knott (5, has shown that for resistance race 56, Kenya Farmer has 
two, dominant, independent genes, Sr9 and plus two dominant, 
complementary genes, and the latter being chromosome 
With per cent crossing over between and the expected 
ratio approximately resistant susceptible plant. With such 
ratio almost impossible determine the critical chromosome lines 
analysis. few susceptible plants will present even the critical 
monosomic lines due the presence nullisomic plants and plants which, 
result misdivision the univalent, have lost the chromosome arm 
carrying the gene for resistance. 


Small populations were tested with race and the results gave 
indication the location the genes for resistance. general more 
susceptible plants than expected were obtained, probably due the fact 
that Sr10 only partially dominant and heterozygotes are difficult 
distinguish from fully susceptible plants. Further tests were made 
lines. Theoretically, misdivisions occur should not possible 
get homozygous susceptible line from one the critical crosses, except 
the progeny nullisomic. nullisomic line would readily detectable 
morphologically. test was, therefore, made the progeny suscept- 
ible plants from each the monosomic crosses except VIII and XIII 
which susceptible plants had been obtained. For chromosomes VIII 
and XIII, lines from plants which had not been tested with race 
were grown. Homozygous susceptible lines were obtained all 
crosses except those with monosomics XIII, XVI and XVII. Additional 
tests with race were made populations from these three crosses and 
the results are given Table The data show clearly that one the 
genes conditioning resistance race chromosome XIII. Sears, 
Loegering and Rodenhiser (15) have reported that Red Egyptian carries 
gene chromosome XIII. The results are, therefore, agreement. 


TABLE 6.—SEGREGATION FOR RESISTANCE RACE SEEDLINGS FROM 
CROSSES BETWEEN MONOSOMICS XIII, XVI AND XVII AND KENYA FARMER 


Number plants 


parent 
Resistant Susceptible 
Mono-XIII 229 
Mono-XVI 244 
Mono-XVII 213 


. 
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TABLE 7.—SEGREGATION THE GENES Sr7 AND CHROMOSOME VIII 


Number famillies 


Homozygous Segregating 


Cross Seg. resistant Seg. resistant 


(K. Farmer Chinese) 


for 1:1:1:1 ratio .50-.95 
parental, non-parental combinations 


Segregating Homozygous 
Seg. resistant Seg. resistant |Susceptible 


(K. Farmer Chinese) 


for 1:1:1:1 ratio 
parental, non-parental combinations 


The location the second and weaker gene, Sr10, still doubt. The 
gene now being transferred alone Marquis backcrossing and 
homozygous line will crossed with the monosomics. 

the initial tests with race indication gene genes 
chromosome was obtained, However, since other work Knott (6) 
had shown that Kenya Farmer carries and Sr12, second sample 
seedlings from the cross, monosomic Kenya Farmer was tested 
with race 56. plants from monosomic parents, were resistant 
and susceptible. The resistant plants all gave the type better 
reaction that typical and and seems evident that Kenya 
Farmer does carry the two genes. 


Test for Linkage between Sr7 and 

Since was found chromosome VIII and Sears (14) has re- 
ported that the gene for hoods, Hd, also chromosome VIII, test for 
linkage was made. The plants from cross between Kenya Farmer and 
Chinese were backcrossed the hooded parent, Chinese, and were also 
crossed Marquis, which carries the recessive alleles both genes. One 
hundred and nine families were tested twice, first the field under 
artificial epidemic race 15B and second, the greenhouse using seedling 
tests with race 15B. The results the two rust tests were complete 
agreement and fitted ratio segregating susceptible family. Un- 
fortunately both the cross with Marquis and the backcross Chinese, 
some difficulty was experienced the classification for the hooded char- 
acter. the backcross, the difference between homozygous hooded and 
segregating family was reasonably clearcut and the results are considered 
reliable. They are given the top part Table and show indi- 
cation linkage. the cross Marquis the separation families segre- 


| 
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gating for hooded from those homozygous for non-hooded was extremely 
difficult, partly due the occurrence many awnless plants. The results 
from the field test gave reasonable fit the expected 1-1 ratio and the 
results are given the lower part Table There was evidence 
linkage and concluded, therefore, that although and are both 
chromosome VIII, they assort independently one another. 


EGYPT Na95 


Considerably more sterility was present the crosses involving Egypt 
Na95 than those from other parents. The populations from crosses 
with the monosomics were tested the field with race 15B and the seed- 
ling stage with races 15B and 56. None the results was particularly good, 
although there was some indication that resistance race 15B was due toa 
gene chromosome VIII. When was found Knott and Anderson (7) 
that the genes for resistance carried Egypt Na95 were also present 
Kenya Farmer, work the variety was dropped. 


RED EGYPTIAN 


Knott and Anderson (7) have shown that Red Egyptian carries three 
genes for resistance races 15B and stem rust. The gene con- 
ditions high resistance both races, Sr8 conditions moderate resistance 
both and S79 conditions moderate resistance race 56. Peterson and 
Campbell (cited and Sears al. (15) have shown that 
ison chromosome XX. Sears al. have also indicated that Sr8 chromo- 
some and chromosome XIII. 

Since Knott and Anderson (7) found that dominant with race 
but recessive with race 15B, plants from the cross, Chinese monosomic 
Red Egyptian, were tested with both races see how the gene behaved 
when hemizygous. The monosomic plants gave fleck reaction both 
races Sr6 must effective against both when hemizygous. 

Anderson (1) noted linkage between Sr6 and the gene for compact 
spike. measure this linkage, Red Egyptian was crossed and backcrossed 
Marquis and the plants were tested with race and classified for 
head type. The number plants each genotype was follows: 


103 


The percentage recombination 18.1. 


VEADEIRO 


Veadeiro has been shown Knott (5) carry two genes S79 and Sr10, 
conditioning resistance race 56. addition, has mature plant resist- 
ance race 15B. 

attempt locate the factor factors for mature plant resist- 
ance, families from the crosses between the Chinese monosomics and 
Veadeiro were tested the field under epidemic race 15B. The plants 
were classified according the percentage rust the stems. All the 
families appeared show the same range segregation and indication 
the chromosome(s) involved resistance was obtained. 


e 
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TABLE 8.—CHROMOSOME LOCATIONS SOME GENES FOR STEM RUST RESISTANCE. 


Gene Chromosome Variety Authority 
Sr6 McMurachy Peterson and Campbell (cited 
Sears—14) 
Red Egyptian Sears al. (15) 
Knott (this paper) 
VIII Kenya Farmer Knott 
Egypt Na95 
Kenya Governor 
Sr8 Red Egyptian Sears al. (15) 
Sr9 XIII Red Egyptian Sears al. (15) 
Kenya Farmer Knott 
Veadeiro 
Sr10 Unknown 
Sr12 Timstein Sears and Rodenhiser (16) 
Sears al. (15) 
Gabo Knott 
Lee Plessers (11) 
Knott 


Veadeiro has two genes, Sr9 and Sr10, common with Kenya Farmer. 
Since results with the latter variety had indicated that chromosomes XIII, 
XVI and XVII might involved, populations from the crosses 
Veadeiro with the three monosomics were tested with race 56. the cross 
with monosomic XIII only 169 plants were susceptible, confirming 
that one gene chromosome XIII. The segregations the other two 
populations fitted the expected 15:1 ratios. 


DISCUSSION 


The results reported this paper, conjunction with those other 
authors, have made possible identify the chromosomes carrying all 
the genes from Sr12 with the exception S710. list the genes, 
their chromosome location, the varieties which they have been located 
and the authority given Table 

gratifying find that the results this paper and earlier 
papers the series agree completely with those Sears, Loegering and 
Rodenhiser (15). The best example the variety Red Egyptian. From the 
study backcrosses susceptible variety Knott and Anderson (7) 
showed that Red Egyptian has one gene, S78, which conditions moderate 
resistance both races 15B and 56, second gene S79, which conditions 
moderate resistance race and third gene, Sr6, which conditions high 
resistance both races. Sears, Loegering and Rodenhiser (15) substituted 
each the Red Egyptian chromosomes singly into Chinese and obtained 
three lines which were rust resistant. The chromosome substitution line 
was moderately resistant races 15B and 56, the chromosome XIII line 
was moderately resistant race and the chromosome line was 


: 
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highly resistant race 56. The latter line was listed susceptible race 
15B but Loegering and Geis (10) have shown that lower temperatures 
also highly resistant this race. Thus the correspondence complete. 
Knott (5) has reported that gene Sr9 common Red Egyptian, Kenya 
Farmer and Veadeiro. the method monosomic analysis has been 
shown that Kenya Farmer and Veadeiro have gene chromosome XIII. 
This again agrees with Sears’ results Red Egyptian. 


The results reported this paper and papers Knott and Anderson 
(7) and Knott (5, show some disagreement with those obtained 
Aslam and Ausemus (2) for the varieties Kenya Farmer, Kenya 117A and 
Egypt Na95. However, most the discrepancies can easily accounted 
for. With Kenya 117A, stocks having different C.I. numbers were used. 
Watson and Stewart (18) have shown that there are two supposed Kenya 
117A’s use and that they differ greatly rust reaction. The author did 
some work with the Minnesota line (C.I. 12568) and found that has the 
same genes for rust resistance does Kenya 58. Aslam and Ausemus 
obtained similar results from the crosses Kenya 117A and Kenya 
with Kenya Farmer would, therefore, expected. 

Egypt Na95 has generally been reported resistant race 15B. 
Knott and Anderson (7) noted that the variety was not homogeneous 
not surprising that Aslam and Ausemus obtained susceptible stock. 

The discrepancies with regard Kenya Farmer are more difficult 
explain. Fortunately, however, there agreement that the variety carries 
one main gene for resistance race 15B. According the genotypes 
suggested for Kenya and Kenya 117A Knott and Anderson (7) the 
crosses these two varieties with Kenya Farmer should not segregate for 
resistance race 15B. both crosses Aslam and Ausemus (2) found 

reported Knott and Anderson (7) and Knott (5, the gene 
Sr7 particularly subject the action modifying genes, with the genes 
Sr9 and Sr10 apparently being two the more important ones. The author 
has found transferring Sr7 the susceptible variety Marquis, that only 
very moderate type resistance recovered. homozygous line, obtained 
after five backcrosses, typically gives type reaction with considerable 
chlorosis. the crosses Kenya Farmer with Kenya and Kenya 117A, 
gene Sr7 would homozygous but S76, Sr9 and Sr10 would segregating. 
Thus line would homozygous for but lack all three the 
remaining genes. Such line might well have given type (chlorotic) 
reaction and been classified susceptible according the system used 
Aslam and Ausemus. 

During the course this study became evident that field rust tests are 
little use monosomic studies. From four complete sets monosomic 
crosses tested the field, useful data were obtained. Apparently, 
uncontrolled factors affect field reactions that the readings are unreliable. 

using the method monosomic analysis, appears desirable 
study the plants cytologically and grow progenies from both 
monosomic and normal sibs. Comparing the progenies sibs more 
satisfactory than comparing the progeny monosomic with the progeny 
from cross with normal Chinese. 


r. 
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big problem, particularly the crosses with Egypt Na95, was 


sterility. Monosomic plants are usually more sterile than their normal 
sibs and the bagging heads plants essential. 
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ABSTRACT 


has been shown that incandescent light about four times effective 
promoting floral differentiation Marquis and Garnet wheat and Wintex 
barley, standard cool white fluorescent light the same foot-candle in- 
tensity, when given interruption the middle the dark period 
8-hour daylength. little difference the photoperiodic effect 
incandescent fluorescent light equal input wattage given 
equal area bench space the same distance from the lamps. Interruptions 
the dark period led earlier change from the vegetative the flowering 
condition, and interruptions continued past this change further accelerated 
floral development. Garnet wheat showed greater response long photo- 
periods than either Marquis wheat Wintex barley. 


INTRODUCTION 


experimental work, the natural illumination plants grown 
greenhouse often supplemented artificial light, either give increased 
growth through increased photosynthesis, extend the photoperiodi- 
cally effective day length. general the wavelengths the visible 
part the spectrum that are most active photosynthesis. Various 
types white fluorescent lamps are commonly used provide the high 
light intensities required for marked increases photosynthesis, because 
their high light production per unit electricity consumed and their 
low output heat, compared with incandescent lamps. White fluores- 
cent light represents the best compromise between efficiency light pro- 
duction per lamp watt and efficiency photosynthesis per unit energy 
light. equal energy basis the most effective wavelengths for photo- 
synthesis and the greatest growth are given red light (10); green, blue 
and white are less effective. Red light, however, may produce some 
plants undesirable morphological characteristics such excessive elonga- 
tion, curling and inrolling leaves. Furthermore, the energy light 
produced red fluorescent lamps only 2.5 per cent the total lamp 
wattage. Pink fluorescent lamps have per cent their lamp wattage 
the visible spectrum, whereas blue, green and white fluorescent lamps 
have about per cent (11). The superior plant growth produced day- 
light fluorescent lamps, compared with pink fluorescent lamps, was 
shown growth room experiments conducted this laboratory. Under 
controlled conditions light and temperature the dry weight Marquis 
wheat was per cent greater for plants grown under daylight fluorescent 
illumination than for plants grown under mixture two-thirds daylight 
fluorescent and one-third pink fluorescent illumination. 

1Contribution No. 1742 from the Botany and Plant Pathology Division, Science Service, Canada Depart- 
ment Agriculture, Ottawa, Ont. 


. *Associate Botanist, Botanist, and Associate Botanist, respectively, Botany and Plant Pathology Division, 
Science Service, Ottawa, Ont. 
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known from the work various investigators (2,3,7,8) that the 
photoperiodic effect white fluorescent light often smaller than that 
produced equal foot-candle intensity incandescent light. The 
following experiments were undertaken order find the intensity 
white fluorescent light required equal the photoperiodic effect given 
intensity incandescent light. White fluorescent light could then used 
both for increased photosynthesis and photoperiodic purposes. The photo- 
periodic efficiencies the two lamp types, standard cool white fluorescent 
and incandescent, were compared measuring the extent which they 
overcame the inhibitory effect short day lengths the flowering 
three cereals. 


MATERIALS AND METHODS 


Seed Marquis and Garnet spring wheats (Triticum aestivum 
and Wintex barley spring barley, Hordeum vulgare L.) were soaked for 
hours and germinated the dark 20°C. for hours. Uniformly 
germinated seed was planted pots soil, which were placed air- 
conditioned greenhouse maintained constant temperature 23°C. 
3°C. The experiment was started March 1956. For the first weeks, 
all plants were grown under 8-hour daylength; the dark period was 
provided darkening the plants with black cloth compartments. After 
this 3-week period the plants were subjected various light treatments. 
Lamps were suspended within the compartments provide the desired 
photoperiodic treatment. Temperature differences between and within 
compartments were held means forced air ventilation. 
continuous light control, illumination was provided 10-watt General 
Electric tungsten filament lamps for the hours during which daylight 
was excluded. other variants, minutes’ light various intensities, 
either incandescent fluorescent, was used interrupt the 16-hour dark 
period the middle, the time maximum sensitivity light (1). Only 
one treatment was given interruption incandescent light, and lamps 
40- and 60-watts were used combination provide the desired level 
even illumination plant level. account was taken the small 
differences spectral composition between these various types incandes- 
cent lamps. For interruptions the dark period fluorescent light, 
General Electric 96T8, standard cool white fluorescent lamps, were used. 
For lamps identical spectral composition there constant ratio between 
their total radiation and their illumination measured foot-candles. 
graded series energy values fluorescent light was, therefore, set 
adjusting both the number lamps per compartment and their distance 
from the plants, form graded series intensities plant level, 
measured Weston model 756 sunlight illumination meter. 


these experiments, the photoperiodic effect interruption 
the dark period one energy level incandescent radiation has been 
compared with the photoperiodic effect produced interruption with 
series energy levels standard cool white fluorescent radiation. 
can then determine, necessary interpolation, the level fluorescent 
radiation having photoperiodic effect equal that the incandescent 
interruption. The relative photoperiodic efficiency the two types 
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lamps, because their different spectral characteristics, dependent 
the energy basis used the comparison. The relative efficiency can 
based the wattage electricity used per unit bench area for given 
distance, illumination foot-candles total radiation received plant 
level. 

The light treatments given the plants after initial weeks’ 
growth 8-hour daylength can summarized follows: 


Treatment No. 1—Continuous light control. Eight hours natural daylight plus 
hours foot-candles (ft-c) incandescent light. the plants used were all 
long-day types this treatment could regarded optimal interruption the 
dark period, and would expected give the earliest flowering. Treatments 
consisted 5-minute interruption the middle the 16-hour dark 
period. 

Treatment No. 2—Interruption incandescent light ft-c intensity. 

Treatment No. 3—Interruption light from cool white fluorescent lamps ft-c 
intensity. 


Treatment No. 4—Interruption fluorescent light 200 ft-c intensity. 
Treatment No. fluorescent light 500 ft-c intensity. 


6—Short-day control. interruption given during the 16-hour dark 
period. 


These treatments were continued for days. The pots were then 
divided random into two groups. One group remained under the same 
interruption treatments (continued interruption series) and the second 
group was transferred 8-hour day length with interruptions, 
(short-day transfer series). Plants were grown under these conditions 
days from sowing. Information the relative effectiveness flower 
promotion under the different treatments was provided periodic micro- 
scopic examination the apical meristem random samples plants. 
Only the main shoot was examined and the scoring method developed for 


TABLE METHOD 


Morphological stage Score Morphological stage Score 
Double ridges perceptible Secondary bracts elongate, ex- 
tension stem tip begins 

Double ridges established Bracts half cover apex spikelets 39-40 
Double ridges established 

base spike Ear slightly limp 
Ridges swelling 24-25 Earvery limp, awns begin growth 
Ridges branching 26-27 
Flower initials appear 28-29 Head top sheath, stiff and 

green 

Stamen initials appear 30-31 Head emerging tip 
Anthers lobed three flowers 

per spike Head half emerged 
Anthers lobed four flowers 

per spike Head wholly emerged 
Anthers lobed five flowers 

per spike Peduncle elongates 
Anthers lobed six flowers 

per spike Peduncle very long 
Main bracts begin growth Anthesis 


Secondary bracts begin growth days past anthesis 
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rye Gregory and Purvis (5) was used with minor alterations. this 
scoring system the morphologically distinct stages between floral initiation 
and anthesis are each given numerical values such that score increases 
linearly with time. From range morphologically different stages 
obtained the dissection any one series any one time, arithmetic 
mean can then calculated for comparison with other treatments. The 
normal methods statistics can then applied. The scoring system used 
given Table score corresponds the first visible sign the 
change from the vegetative the flowering condition, the formation 
“double score corresponds the stage anthesis. 
Higher scores are formed adding the number days past anthesis the 
score 49. 

Dissections plants were made the time transfer the light 
interruption (on the 21st day) and the end one week interruption 
treatments (on the 28th day). Plants were again dissected day 30, 33, 
and 36, which time most plants had already differentiated floral primordia. 
Anthesis dates were noted and the 46th day any plants barley that had 
not already flowered were dissected and scores were recorded. The final 
dissection the wheat plants was the 63rd day. 


Statistical Treatment 


The experiment was completely randomized for variety, light treat- 
ment and transfer conditions. Six pots were used for each variant and nine 
plants were grown each 7-inch pot. Plants were removed random 
from the pots for the periodical dissections, leaving four plants per pot 
the end the experiment. the date the final dissections Marquis 
and Garnet was the same, the data have been treated completely 
randomized experiment analysis variance. The final dissection 
Wintex barley was carried out earlier, and the results were, therefore, 
treated separate analysis variance. The series dissections all 
varieties gave data the rate score increase with time. Because 
the large number plants involved, all varieties could not dissected 
the same series dates. analysis variance has, therefore, been 
carried out for the regression score time, rather than treating the date 
dissection another completely randomized variable. The ratio 
photoperiodic efficiency fluorescent incandescent light has been 
calculated from the data for both regression coefficients and final scores. 


RESULTS 


Marquis wheat and Wintex barley plants were completely vegetative 
the time beginning Treatments few plants Garnet wheat 
had already begun show the first signs flower primordia this time; 
plants out had just perceptible double ridges. However, the end 
one further week under short-day conditions the score was still only 21.8. 
Although small amount initiation had taken place before interruption 
treatments this variety, the main effect treatment was floral 
initiation rather than later development. Floral initiation took place 
all varieties within the first week continuous light treatment. the case 
Wintex and Garnet this promotion was very rapid. interpolation 


rs. 
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graph score plotted against time was shown that the primordia 
changed from vegetative floral state within days after the beginning 
continuous light treatment. The short-day controls were still vegetative 
Marquis and Wintex after weeks. 


Effects Interruption the Dark Period the Regression Coefficient 
Score Time 

During the first week interruption the dark period, score differences 
became apparent. the continuous interruption series the score increase 
with time was linear from the age weeks, but the short-day transfer 
series the increase score became less rapid after the time transfer 
back short-day conditions the age weeks. treatment did 
the increase score after weeks’ growth differ significantly from linearity. 


TABLE 2,—EFFECTS OF INTERRUPTION OF THE DARK PERIOD ON THE 
REGRESSION COEFFICIENT OF SCORE ON TIME 


Regression coefficient for continuous interruption series 
Regression coefficient for short-day transfer series 


Regression coefficient for mean continuous interruption and short-day 
transfer series. 


Variety 


Marquis Garnet Wintex Mean S.D. 


wheat wheat barley 

0.792 +0.094 0.9472 +0.054 

0.21 0.66 0.17 +0.094 0.347 +0.054 

0.17 0.56 0.07 +0.094 0.267 +0.054 

0.30 0.77 0.66? +0.094 +0.054 

0.15 0.52 0.09 +0.094 0.253 +0.054 
Mean 

Mean 0.362 0.716 0.356 +0.042 0.478 +0.024 
Mean 

0.31 0.58 +0.094 0.5102 +0.054 

0.14 0.51 0.14 +0.094 0.263 +0.054 

0.12 0.45 0.07 +0.094 0.213 +0.054 

(4)! (0.20) (0.49) (0.16) (+0.099) (0.283) 

0.16 0.52 0.31 +0.094 0.330 +0.054 

0.15 0.52 0.09 +0.094 0.253 +0.054 
Mean 

Mean 0.176 0.516 0.250 0.042 0.314 +0.024 

0.652 0.83? +0.067 0.73? +0.038 

0.18 0.58 0.16 +0.067 0.31 +0.038 

0.15 0.51 0.07 +0.067 0.24 +0.038 

0.23 0.65 +0.067 0.45 +0.038 

0.15 0.52 0.09 +0.067 0.25 +0.038 


Mean 0.269 0.616 0.303 +0.030 0.396 +0.017 


: Treatment 4 not included in Mean B or C, and analysed in a separate analysis of variance. 
These treatments differ significantly at the 5% level from others in the same column, 


le 
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TABLE A.—EFFECTS INTERRUPTION THE DARK PERIOD THE 
SCORE WINTEX BARLEY AFTER DAYS’ GROWTH 


Transfer conditions Treatment Mean score S.D. No. replicates 
40.5 +1.04 
23.6 +0.49 
Continuous interruptions 21.6 +0.15 
33.0 +0.82 
21.1 +0.17 
38.7 
23.1 +0.47 
Short-day transfers 21.8 +0.05 
23.5 +0.29 
26.6 +0.66 


B.—EFFECTS INTERRUPTION THE DARK PERIOD THE SCORE 
MARQUIS AND GARNET WHEAT AFTER DAYS’ GROWTH 


Marquis wheat Garnet wheat 
Transfer Treat- 
(a) replicates (b) replicates 
Continuous 26.0 +0.35 39.4 +0.46 
interruptions 30.5 +0.45 48.4 +0.48 
(c) (d) 
25.6 0.26 39.7 0.20 
Short-day 24.4 0.70 37.0 0.84 
transfers 0.38 41.1 0.47 
26.0 0.37 40.3 0.39 


Significance difference between treatments 
Any two treatments joined the same line not differ significantly the level 
Treatments order decreasing score 
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Accordingly, the effect light treatment can measured the slope 
the regression score time. the number replicates varied each 
treatment, the mean score each dissection was used calculating the 
slope the regressions the method least squares. analysis 
variance was then carried out for these regression coefficients, separating 
the effects variety, treatment and transfer conditions. Treatment 
which was only present the short-day transfer series, was analysed 
separately. The appropriate means and their standard deviations are 

The over-all effects variety, treatment and transfer conditions 
were significant less than .05 test). The effect continuous inter- 
ruptions was increase the rate flower differentiation compared with 
the short-day transfer series, (Table 2A, mean and mean G). The rate 
flower differentiation Garnet was greater than that Wintex 
Marquis, which did not differ significantly (mean Table 2C). The over- 
all effect treatment for the three varieties and two transfer conditions 
(Table means H), shows that continuous incandescent light (Treatment 
gave markedly increased rate flower differentiation. Treatments 
and showed considerably less variation score than the other treatments 
the regression coefficients were subjected separate analysis variance. 
The new S.D. per treatment was then found +0.007, and the differ- 


ence between Treatments and was significant all columns Table 


Effects Interruption Treatment the Final Score 

The greatest number individual plant replicates was retained for 
the final dissection. analysis the significance the differences be- 
tween these final dissections has been carried out. the number rep- 
licates varied according treatment, separate standard deviation 
the mean was calculated for each treatment Table and 

From the data for Wintex barley dissected after days’ growth, 
there were significant differences between all scores the continuous 
interruption series. the short-day transfer series there were significant 
differences between all treatments except Treatments and The short- 
day transfers gave lower values than those under continuous interruption 
treatments. both series Treatment had higher score than Treat- 
ment 

Marquis and Garnet wheat plants were grown until they were days 
old, then dissected and the scores determined. The significance the various 
differences between treatments shown the foot Table results 
general are similar those observed with the regression coefficients. 

The same data were used analysis variance the treatment 
means. This avoids the complication differing numbers replicates and 
allows comparison the mean effect interruption treatments and 
transfer conditons well between varieties. The results are presented 
Table together with the significance treatment differences. 
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TABLE 4.—EFFECTS INTERRUPTION THE DARK PERIOD THE MEAN SCORE 
MARQUIS AND GARNET WHEAT AFTER DAYS’ GROWTH. ANALYSIS 
VARIANCE MEAN SCORE 


Individual treatment means Table but 1.22 


Mean scores for all interruption treatments 


Variety 
Transfer conditions 
Marquis wheat Garnet wheat S.D. 
Continuous interruptions 47.3 +0.55 
Short-day transfers 27.1 +0.55 40.6 +0.55 
Mean both conditions 30.1 +0.39 44.0 +0.39 


Mean scores for both varieties 


(a) (b) 
Mean 
Treatment Continuous Short-day S.D. both 
transfers 
36.1 +0.86 +0.86 34.4 +0.61 
32.7 +0.86 30.7 +0.86 +0.61 
+0.86 33.2 36.3 +0.61 
treatments 40.3 +0.39 +0.39 +0.27 


Significance difference between treatments 


Any two treatments joined the same line not differ significantly the level 
Duncan’s test (4). 


Treatments order decreasing score 


wi 
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Mean scores for both transfer conditions 


Variety 
Marquis wheat Garnet wheat S.D. 
45.1 +0.86 56.4 +0.86 
26.7 42.1 +0.86 
+0.86 38.2 +0.86 
28.3 +0.86 44.3 +0.86 
+0.86 38.8 +0.86 
Significance difference between treatments, Table 4B. 
Treatments order decreasing score 


Calculation Relative Photoperiodic Efficiency 


The rate floral differentiation, which the regression coefficient 
score time, was plotted against the intensity fluorescent light given 
during the interruption the dark period. The foot-candle intensity 
fluorescent light giving rate development equal that produced 
ft-c incandescent light (Treatment was found interpolation. 


Table are given the ratios foot-candles needed for photoperiodic 
equality fluorescent incandescent light. For example, the figure 
3.8 the upper left-hand corner Table was obtained the following 
way. graph was prepared from the figures Table (first column 
upper left-hand corner) for the regression coefficient scores Marquis 
wheat time. Plotting the coefficients 0.15, 0.17, 0.30 against the foot- 
candle intensity the fluorescent light, 50, 500 ft-c respectively, 
straight line was obtained. The relation between intensity light given 
during the dark period and the regression coefficient was not linear all 
cases, particularly the short-day transfer series. interpolation, the 
ft-c incandescent interruption Treatment with regression coefficient 
0.21, had the same photoperiodic effect 190 ft-c intensity fluores- 
cent light. The ratio foot-candles needed for photoperiodic equality 
was, therefore, 190 ft-c ft-c which equal 3.8. similar procedure 
was carried out for all the treatments and the results are summarized 
Table 5A. The mean regression coefficients the three varieties (means 
and Table and 2B) have been treated similarly. The ratio de- 
rived from the mean regressions continuous interruption treatments 
plus short-day transfer treatments (Table 2C) are entered the third 
row Table 5A. Derivation the ratio from the mean regression both 
transfer series with all three varieties (Table 2C, mean gives the figure 4.0 
(Table 5A, lower right). The mean all the ratios given Table 4.1. 
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TABLE 5.—ACCELERATION FLORAL DIFFERENTIATION INTERRUPTION THE 16-HOUR 
DARK PERIOD. RATIO EQUALLY EFFECTIVE INTENSITIES FLUORESCENT LIGHT 
INCANDESCENT LIGHT, MEASURED FOOT-CANDLES 


Ratio foot-candles required for equal regression coefficients score time 


Variety 
Transfer conditions 
Marquis Garnet wheat Winter barley Mean! 


Continuous interruptions 3.8 5.3 
Short-day transfers 1.8 7.8 1.9 
Mean! 4.0 6.1 6.2 4.0 


General mean all values 4.1 


foot-candles required for equal scores after days’ growth 


Variety 
Transfer conditions 
Marquis wheat Garnet wheat Mean! 
Continuous interruptions 4.4 6.1 
Short-day transfers ns? 
Mean! 6.7 6.3 


General mean all values 5.9 


Ratio foot-candles required for equal scores after days’ growth 


Continuous interruptions 2.6 


General mean 3.0 for barley 
Short-day transfers 


General mean for Marquis and Garnet wheat and Wintex barley 4.4 


1 For derivation of mean ratios see text. 
2? ns—No significant difference between Treatments 2 and 3. 


The whole procedure was repeated for the final score values (Tables 
and and the results are entered Table and The general mean 
all the values these two tables 4.4 close agreement with the 
general mean value derived from the regression coefficients. 

The ratio the photoperiodic efficiency the two lamp types different 
when measured lamp wattage basis than when measured total 
wattage basis. Taking into account the lumen efficiencies the two lamp 
types, the general mean ratio measured lamp wattage basis 0.78 
for the regression coefficient score time, and 0.73 for the final score. 
The general mean ratio measured total wattage input (lamp wattage 
plus ballast wattage the case the fluorescent lamp) 1.02 for the 
regression coefficient and 0.98 for the final score. 
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DISCUSSION 


The long-day cereals used these experiments all showed the expected 
acceleration flowering under continuous illumination (Treatment 1). 
All other interruption treatments gave lower rate floral differentiation 
and final score, that case was the photoperiodic requirement over- 
saturated. Takimoto (8,9) found that interruption one hour day- 
light fluorescent light about 200 ft-c had the same effect flowering 
behaviour the long-day plant Silene Armeria interruption one 
hour ft-c incandescent light. The similar photoperiodic effect the 
two lamp types can probably explained oversaturation the photo- 
periodic requirement each case. our experiments this oversaturation 
was avoided and the photoperiodic effect produced ft-c incandescent 
light given for minutes the middle 16-hour dark period can used 
estimate the relative photoperiodic efficiency the fluorescent light. 

The results agree with previous work (2, showing that in- 
candescent light more effective photoperiodically than the equivalent 
illumination foot-candles white fluorescent light. 

All plants except the short-day control series had passed the stage 
double ridges one week after the beginning interruption treatments. 
This shows that the earlier flowering the continuous interruption series 
was caused promotion growth and further development the floral 
primordia. Incandescent light more efficient foot-candle basis than 
fluorescent light for the promotion late stages floral development 
well for the change from the vegetative the reproductive condition. 

The high efficiency the incandescent lamp because the large 
part its energy the red and far-red regions the spectrum, which 
photoperiodically very effective but which activates the photocell used 
measure foot-candles only small extent. The standard cool white 
fluorescent light the other hand, although emitted spectral region 
which the photocell most sensitive, has smaller proportion its 
energy the photoperiodically active red and far-red. now well 
known that the two spectral regions, red (ca. 6550A) and far-red (ca. 7350A), 
have antagonistic effects photoperiodic responses. Standard cool white 
fluorescent light has much higher energy the red than the far-red. 
Incandescent light has high energy both the red and far-red, especially 
the far-red. Recent experiments Downs al. (3) have shown that this 
preponderance energy the far-red can probably explain the greater 
photoperiodic effectiveness incandescent light when given interrup- 
tion the dark period. 

Where white fluorescent light used supplement daylight for 
increased photosynthesis during the winter, the photoperiodic effect (as 
interruption dark period) would equivalent one-fifth the same 
intensity incandescent light. The intensity fluorescent light used 
give increased photosynthesis often 500 ft-c, intensity which should 
photoperiodically equivalent over ft-c incandescent light. obtain 
maximum photoperiodic effect, interruption long hours with 
incandescent light ft-c may required, the case runner 
production strawberries (2), and flower promotion Wintex barley (1). 
The fluorescent light should, therefore, given for corresponding length 


= 4 


240 CANADIAN JOURNAL PLANT SCIENCE [Vol. 


time but five- six-fold intensity. This relative efficiency the 
two lamp types does not necessarily hold cases where the photoperiod 
lengthened other than interruption the centre the dark period. 
Stolwijk (6) has reported that the response Hyoscyamus plants supple- 
mentary red illumination depends whether given before after the 
main light period. The relative efficiency incandescent and fluorescent 
light flower promotion also depends whether they follow precede the 
main light period, cool white fluorescent lamps are used in- 
crease photosynthesis and are also required control flowering, recom- 
mended that the interruption the dark period should equivalent 
least 500 foot-candle hours, order obtain full photoperiodic effect. 
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SMALL BARLEY 


Canada Department Agriculture, Ottawa, Ontario 


[Received for publication April 25, 1958] 


ABSTRACT 


unit for de-awning small samples barley described. De-awning 
accomplished use rotor with square peg teeth which rotate through 
similar fixed teeth protruding from the cylinder wall. This unit can also 
used for assessing the relative de-hulling characteristics barley varieties and 
hybrids. Certain threshing and buffing operations can also accomplished for 
other grains. The de-awner mechanizes procedures formerly done hand 
and capable de-awning thirty 30-gm. samples per hour. Plans for 
construction the unit are available. 


INTRODUCTION 


The mechanical aspects accurately weighing and metering barley 
seeds are encumbered awns which remain attached the seed. This 
serious handicap when accurate measurements are required small 
amounts seed when precise metering required for seeding test plots. 
Such problems can overcome de-awning the seed. 

Various methods have been used the past remove the awns from 
small samples seed but the majority these involve laborious hand 
methods. The United States Department Agriculture designed and 


«© 


The small barley de-awner position for loading. 


_ J Joint contribution from Field Husbandry, Soils and Agricultural Engineering Division, and Cereal Crops 
Division (Contribution No, 228), Experimental Farms Service, Ottawa, Ont. 
? Agricultural Engineer. 
* Senior Cerealist. 
‘Senior Engineer. 
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Ficure partial section the de-awner which shows the teeth arrangement. 


built mechanical de-awning machine which has proved satisfactory for 
2-pound samples but not satisfactory for use with smaller samples. 

the assessment the malting quality new barley varieties and 
hybrids, accurate measurement the de-hulling characteristics very 
desirable the early generations. Present methods determine de-hulling 
characteristics require size sample not usually available from early 
generations and thus necessitates time spent increase the hybrid lines 
varieties. 

The de-awner described (Figure was designed handle sample 
seed weighing between and grams. 


DESCRIPTION AND OPERATION 


The principal components the small de-awner are shown the parti- 
ally sectioned view, Figure cylinder (a), inches length, was 
machined from 2-inch diameter brass tubing. Four rows square peg 
teeth (b) are attached radially the inside wall the cylinder. The 
rotor (c) has four rows square peg teeth (d) which rotate between the 
teeth the cylinder. The vertical spacing quarter-inch between the 
stationary and rotating teeth allows the seed pass through without 
damage but the awns are removed impact against the teeth. The rotor 
driven no-load speed 2700 r.p.m. from 12000 r.p.m. sewing 
machine motor (e) rubber band (f). cap (g) placed the 
cylinder while the unit operation. The switch built into the handle (h). 
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Samples de-awned are placed the brass cylinder and the cap 
put place. The unit operated for minute and then inverted while 
still running that the seed drops into the cap. The chaff separated 
from the seed air cleaners. 

The samples lines and varieties assessed for de-hulling char- 
acteristics are brought uniform moisture content previous testing. 
measured amount seed placed the de-awner and the machine 
operated for minutes. The number seeds showing de-hulling 
damage counted and this expressed percentage the total sample. 


TABLE 1.—COMPARATIVE DATA EXPRESSED PER CENT DAMAGE, FOR THE THREE 
METHODS ASSESSING DE-HULLING PROPERTIES SIX BARLEY VARIETIES, 
GROWN FIVE LOCATIONS 1957 


Per cent damage obtained with 


Location Variety Modified Im I 
peller 
pearler! fan? De-awner 

Brandon 15.0 44.4 2.0 
Montcalm 18.3 30.4 1.8 

Parkland 44.0 8.4 

Br. 3902 66.3 72.0 22.6 

29.0 36.4 3.0 

937 43.6 6.8 

Beaverlodge 36.7 4.8 
Montcalm 32.0 38.0 2.6 

Parkland 61.7 66.4 15.6 

Br. 3902 71.0 79.2 40.0 

G.B. 59.6 22.4 

937 30.7 50.0 1.0 

Lethbridge 59.6 12.6 
Montcalm 32.3 4.4 

Parkland 75.2 13.6 

Br. 3902 63.7 78.8 28.0 

57.0 78.4 27.8 

937 67.2 26.0 

Ottawa 29.0 66.4 4.4 
Montcalm 34.3 7.0 

Parkland 12.6 

Br. 3902 73.3 84.4 46.8 

35.0 73.6 8.6 

937 39.7 79.6 21.8 

Guelph 40.7 72.0 5.8 

Parkland 87.6 10.8 

Br. 3902 86.3 86.0 38.0 

50.3 70.8 17.4 

937 47.0 80.4 7.4 

Mean 28.5 58.4 6.2 
Montcalm 30.5 47.4 4.6 

Parkland 53.5 70.5 

Br. 3902 80.1 35.2 

44.7 63.8 15.8 

937 35.6 64.2 12.6 


'Data obtained by courtesy of D. H. Huntley, O.A.C., Guelph, Ont. 
Data obtained courtesy Meredith, Grain Research Laboratory, Winnipeg, Man. 
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TABLE 2.—THE RELATIVE RANKING OF VARIETIES FOR DE-HULLING 
DAMAGE BY STATIONS AND BY METHODS 


Variety Locations 


Brandon Beaverlodge| Lethbridge Ottawa Guelph 
Modified Pearler 


Impeller Fan 
De-Awner 


RESULTS AND DISCUSSION 


The de-awner described capable processing samples per hour. 
The machine will handle samples weighing from grams. This com- 
pares with less samples which were de-awned hand methods. 
The samples processed the unit were cleanly de-awned with visible 
kernel damage when the recommended time minute and speed 
2700 r.p.m. were observed. Although the time could varied meet the 
conditions the samples, there was danger de-hulling the barley seed 
the time was extended much beyond minute. The speed 2700 
r.p.m. was established the maximum safe speed which cracking would 
not occur. Three-minute de-hulling treatments was arrived sufficient 
treatment enable operator visibly discern de-hulling damage and 
adequately differentiate de-hulling characteristics between samples. 
the speed and time operation both affect the de-hulling damage, 
3-minute operation 2700 r.p.m. was established standard pro- 
cedure for de-hulling tests. 

Other methods have been used assess the de-hulling properties 
barley varieties, such those described Reinbergs and Huntley (1) 
and Meredith*. The former was modified pearler and the latter modi- 
fied impeller fan. Table gives the comparative data de-hulling tests, 
expressed percentage damaged kernels, for the three methods. The 
tests were conducted six varieties grown five locations Canada. 


* Personal communication. 
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The impeller fan gave the highest percentage de-hulling for each variety 
and each station while the de-awner gave the least de-hulling. There 
were significant differences de-hulling damage between varieties, within 
locations, between locations and between methods. The ranking 
varieties with respect de-hulling damage remained approximately the 
same for all methods and all locations (Table 2). The varieties which 
de-hull readily were easily separated from those with better hull adherence 
properties. 

The small de-awner satisfactory for threshing single heads barley 
and other cereals. the case awned varieties, the threshing and de- 
hulling accomplished one operation. Small samples safflower and 
other grains can threshed and buffed with the de-awner preparation 
for cleaning. 
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POTASSIUM PLANT METABOLISM. 


EFFECT POTASSIUM UPON THE CARBOHYDRATE AND MINERAL 
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[Received for publication January 1959] 


ABSTRACT 


Potato plants grown sand culture and fed varying quantities potassium 
responded with more vegetative growth and produced more and larger tubers 
application increased. Seven treatments ranging from complete 
deficiency luxury consumption levels resulted increasing amounts 
potassium all plant tissues and decreasing amounts sodium, calcium, 
magnesium, iron and copper certain tissues. The amount starch the 
leaves was direct function the amount potassium applied, but the 
starch content the tubers was not. 


INTRODUCTION 


Studies many investigators have not shown consistent picture 
the effects potassium the metabolism the potato plant. 
examination these studies indicates that the inconsistency can ac- 
counted for the wide variety environmental and experimental con- 
ditions employed. field experiments the response potassium fertil- 
ization varies widely with soil type, being most pronounced infertile 
soils. Terman al. (16) and Eaves al. (4) report the conventional result 
that both yield and potassium content increased with higher potash treat- 
ment. Lorenz (7) found, however, that highly fertile soil potash applica- 
tions had effect potassium content either plants tubers any 
stage growth. Most experimenters report that dry matter content 
decreases with increasing potassium. This applies particularly field- 
grown plants but direct contrast the findings Richards (11) with 
who states that succulence decreased with increased potassium 
content. Sircar and Datta (13) report the same result for rice. Starch 
content tubers usually reported decrease with higher applications 
potassium (12, 14, 15) but this appears applicable only field 
experiments very fertile soil. 


Bolle-Jones and Hewitt (1, have made intensive study the 
interrelationships iron and potassium the potato plant under various 
nutritional conditions and their work obviously provides sound basis 
for further extension metabolic studies dealing with potassium. Their 
study did not deal with carbohydrates. 

This investigation was undertaken study simultaneously number 
nutritional and metabolic relationships. Plants were produced sand 
culture and the nutritional treatments applied consisted seven levels 
potassium order that continuous functional relationships might 
demonstrated. The treatments ranged quantity from complete deficiency 
luxury consumption levels. 

1Contribution No. 424, Chemistry Division, Science Service, Canada Department of Agriculture, 
Ottawa, Ont. 
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MATERIALS AND METHODS 


Potato plants were grown washed white sand 2-gallon plastic 
pails raised platform the open during the summer months 1957. 
The seed potatoes were 2-ounce tubers uniform size from certified 
disease-free stock the variety Green Mountain. Three eye-pieces 
uniform size were planted each pail. The plants were watered daily 
with litre per pail Hewitt’s complete standard nutrient solution (5). 
They were subject the normal summer rainfall and excessively hot 
weather further tap water was added prevent wilting. All pots were 
flushed with tap water once every weeks. The plants were sprayed with 
insecticides and fungicides required. 


Table shows that the seven treatments the potassium content 
the nutrient solution ranged from milli-equivalents per litre. 
Each treatment was replicated eight times. Potassium was supplied 
the form nitrate and the nitrate was maintained constant level 
substituting sodium nitrate for potassium nitrate treatments deficient 
potassium. Two the three plants each pail were harvested one month 
after planting during the period early vigorous growth, and before any 
pesticide sprays had been applied. The third plant was allowed grow 
maturity for the production tubers. the final harvest only the tubers 
were sampled since many the tops had already died. 


The plants from the first harvest were separated into leaves, stems and 
roots. The samples both harvests were weighed, cleaned and cut into 
small pieces. portion fresh tissue was dropped into boiling per cent 
ethanol for carbohydrate analysis. The remainder was dried and ground 
for mineral analysis. The dried tissue was analysed for and flame 
photometer methods, for and modified versene procedures (10), 
and for Fe, and methods previously described (18). The 
fresh tissue was analysed for reducing sugars, sucrose and starch methods 
also described previously (18). 


TABLE 1.—POTASSIUM TREATMENTS AND THEIR EFFECTS UPON GROWTH OF MONTH-OLD 
POTATO PLANTS AND UPON PRODUCTION OF MATURE TUBERS IN SAND CULTURE 


treatment Dry wt. (g./plant) Yield mature tubers 
leaf stem root Av. no./plant wt.(g./plant) 

0.92 0.30 0.80 3.19 

0.25 1.26 0.34 0.67 11.52 

0.50 1.30 0.39 21.91 

1.0 1.50 0.44 0.62 39.18 

2.19 0.77 0.64 27.88 

5.0 2.12 0.60 0.49 33.22 

10.0 2.42 0.84 0.55 27.00 
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TABLE 2.—EFFECT POTASSIUM UPON MINERAL CONIENT MONTH-OLD POTATO PLANTS 
AND TUBERS FROM MATURE PLANTS GROWN SAND CULTURE 


(expressed on a dry weight basis) 


K treatment | K Na Ca Mg P Fe Mn Cu 
LEAF 
0 1.02 . 168 1.62 1.31 58 312 60 139 
0.25 1.24 . 168 1.81 1.26 71 325 58 139 
0.50 1.53 .199 1.75 1.8% 66 309 53 140 
1.0 1.85 .150 1.98 1.00 66 319 53 136 
3.3 2.95 .084 1.83 90 72 319 64 111 
5.0 3.92 .040 1.48 63 67 324 58 134 
10.0 4.33 047 1.24 51 61 349 45 88 
P .05 L.S.D. .36 .06 -1l .23 -06 N.S.D. 5 N.S.D. 
STEM 
0 0.89 910 1.90 1.16 39 373 28 70 
0.25 1.80 705 2.05 1.33 .50 338 24 66 
0.50 2.48 .775 2.05 1.17 .46 311 22 59 
1.0 3.18 . 500 2.23 1.03 .45 215 22 63 
2.5 4.94 .275 1.99 71 51 275 28 47 
5.0 8.18 .078 2.03 44 53 184 31 58 
10.0 8.93 .079 1.70 39 46 168 23 45 
P .05 L.S.D 77 348 il 12 -03 N.S.D. N.S.D. N.S.D. 
ROOT 
0 0.49 2.16 2.71 47 55 2450 176 691 
0.25 0.64 2.24 2.63 34 63 1660 184 553 
0.50 0.83 1.93 2.59 38 59 1310 166 584 
1.0 0.80 1.75 2.51 41 46 1530 162 560 
2.3 1.37 1.27 2.96 67 57 876 208 361 
5.0 2.48 0.40 s.08 77 50 783 184 264 
10.0 3.21 0.24 2.53 61 49 683 171 183 
P .05 L.S.D. 25 .29 N.S.D. N.S.D. N.S.D. 961 N.S.D. 581 
TUBER 
0 1.10 081 .13 .16 59 115 12 72 
0.25 1.25 071 .08 .08 46 70 14 32 
0.50 1.44 072 .08 .10 43 69 12 37 
1.0 1.67 071 .09 .06 42 69 12 30 
2.3 2.14 055 10 .09 44 80 12 32 
5.0 2.53 030 .09 07 48 70 14 40 
10.0 2.64 028 12 11 50 75 8 56 


RESULTS AND DISCUSSION 


The growth and development the potato plants were directly pro- 
portional the amount potassium applied the nutrient solution. 
The plants given potassium displayed very severe characteristic symp- 
toms potassium deficiency which have been described and illustrated 
many times. Plants given 0.25 showed some slight symptoms 
potassium deficiency, but all other plants produced foliage which appeared 
normal and healthy colour. The great variation size and business 
the plants, however, reflected the data Table Both leaf and stem 
growth increased with increasing applications potassium but the amount 
root tissue produced was not significantly affected. There was trend 
toward lower dry matter content the roots with increasing milli- 
equivalents potassium the nutrient solutions, but individual vari- 
ability was too great demonstrate statistical significance. 


The number and size tubers produced were also proportional 
the amount potassium applied, with the exception the 1.0 
treatment which produced larger tubers every replicate than any other 
treatment (Table 1). The reason for this consistent difference not appar- 
ent, and the only factor the recorded data that might bear some relation 
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the observation (Table that the leaf and stem plants given the 
1.0 treatment had higher percentages calcium than tissues from 
any other treatment. also possible that the nitrogen/potassium ratio 
might provide explanation but the tissues were not analysed for their 
nitrogen content. 

The levels potassium and sodium each tissue indicated Table 
are direct reflection the amounts applied the nutrient solution. 
This type response with these elements well known and has been 
demonstrated with many plants but this experiment the relationship 
more clearly illustrated because variable factors such those associated 
with the use soil have been eliminated and because there was suffi- 
cient number treatments show the continuous nature the functions. 
Typical logarithmic curves were obtained when the data for each tissue 
were plotted. There was steady increase potassium percentage 
the 5.0 treatment. Beyond this point the response potassium 
absorption potassium application fell off. interesting note that 
the tubers displayed the least fluctuation composition due environ- 
ment and nutrition. 

The well-known antagonistic effect between potassium and calcium 
and between potassium and magnesium was evident this experiment 
the leaf and stem. Magnesium content varied inversely with potassium 
treatment. The trend was present with calcium also but was much less 
pronounced. Root and tuber tissues did not show this relationship. 

The cation-equivalent values for each tissue have been calculated 
terms milli-equivalents K+Na+Ca+Mg per 100 grams tissue 
for each treatment. They confirm once again relationship which has been 
pointed out number other investigators working with various crop 
plants (8, 17), namely, that plants particular species grown under 
given set environmental conditions tend maintain high degree 
constancy the total cation-equivalent values their separate tissues. 
Sodium not generally included these calculations since usually 
present insignificant amounts most plant tissues. this experiment, 
because the relatively high applications, its effect seen particularly 
the root and stem. the leaf where the sodium level was very low and 
had relatively little effect the cation balance, magnesium was the cation 
which fluctuated maintain the balance. Calcium showed less fluctuation 
than any other major cation this series potato plants. 


Phosphorous levels the potato plant were unaffected potassium 
fertilization. This result differs from that found with wheat seedlings (19) 
where potassium deficiency stimulated phosphorus absorption. 

Iron content was found vary inversely potassium application. 
This relationship quite definite the data for stem and root but not 
found leaf tuber. The analytical results for iron potato roots have 
been corrected for contamination sand. The results found here for iron- 
potassium relationships agree part with those described Bolle-Jones 
(1, but the differences are not contradictory, for the iron-potassium bal- 
ance dependent both upon ontogeny and upon phosphorus supply. 
Since only one level phosphorus was used this experiment, further 
comparisons can made. 
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The manganese content potato tissue was not influenced pot- 
assium treatment but the copper content the roots, which seems excess- 
ively high, decreased with increased potassium application. 

Table the results the carbohydrate analysis all tissues are 
shown. The most interesting set data here course the column show- 
ing starch content leaf tissue and there can doubt that starch 
accumulation potato leaves depended upon the supply potassium. 
There some evidence too that the lack starch potassium-deficient 
leaves was accompanied slight accumulation reducing sugars. 
Sucrose was not affected potassium application. The starch content 
stems was lower plants receiving more potassium. Although there were 
significant differences between means treatments the reducing 
sugar values for stems, there appears trend toward lower reducing 
sugars with higher applications potassium. The starch content the 
tubers was not affected potassium treatment. 

Lack potassium will reduce the size and number tubers produced 
but those which grow tend have more balanced metabolism than 
other parts the plant. Reproductive tissue and certain extent 
storage tissue plants are usually the least affected the last in- 
fluenced any nutritional imbalance. Plants have tendency produce 
normal progeny and normal storage organs the expense the nutrition 
their own vegetative tissues. This particularly true mobile and 
soluble nutrients such potassium. The part the plant most seriously 
affected potassium deficiency was the leaf tissue where carbohydrate 
synthesis occurs and here was the end product, starch, that reflected the 
disorder. 

The level starch found analysis the leaf the time harvest 
represents the resultant the two opposing processess photosynthesis 
respiration, further complicated such factors diurnal fluctuation, 
temperature and translocation. cannot deduced unequivocally from 
the data presented here whether reducing the potassium content inhibits 
starch synthesis stimulates its hydrolysis for subsequent respiration 
translocation. certain course that potassium-deficient plants contain 
far less total carbohydrates than those supplied with adequate amounts 
potassium. also highly improbable that total respiration these 
smaller plants could stimulated such degree account for this 
wide difference. The alternative assumption that potassium stimulates 
starch synthesis. This, indeed, appears more probable but direct evidence 
will obtained from study the enzyme systems involved. The level 
sugars leaf tissues was only slightly affected potassium variations. 
There very little starch the conducting tissues the plants any 
time and fluctuations these regions are probably not very significant 
the interpretation nutritional effects. 

This experiment has been carried out using one set environmental 
and nutritional conditions except for variation the potassium ion. 
recognized that other nutritional combinations would give different results. 
For example, the application nitrogen partly the form ammonium 
ion known alter the nutrient balance most crop plants. The relatively 
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large number nutrient treatments used this experiment made possible 
observe what extent each constituent was influenced and which re- 
lationships were continuous. 
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NOTE THE RESPONSE SEVERAL VEGETABLES 
SOIL 


Anthraxylate soil amendment prepared from coal process 
partial oxidation. The manufacturers describe stable homogenous 
substance wherein the inert fossil material has been restored large organic 
molecules exhibiting many the properties the humus fraction soil 
organic The material used the present experiments was pro- 
duced from Nova Scotia bituminous coal for the Nova Scotia Research 
Foundation, Halifax, had cation exchange capacity 170 m.e. 
per 100 gm. and was calcium saturated. 

investigation the value anthraxylate soil amendment 
for three vegetable crops was carried out Cornwallis sand (1), sites 
with extremely low natural fertility and organic matter content. the 
field experiments, the material was applied uniformly the surface and 
incorporated rototilling, while the greenhouse treatments were thor- 
oughly mixed into each pot. 

field experiment with sweet corn included anthraxylate 7.5 ton/ 
acre one the treatments, 6-12-12 fertilizer and dolomitic limestone 
being added all plots. Three rates anthraxylate were used 
experiment with head lettuce where all plots received 400 


TABLE 1.—RESPONSE OF VARIOUS VEGETABLES TO ANTHRAXYLATE SOIL TREATMENTS 


Rate Mean yields L.S.D. 
Crop (ton/acre) p=0.05 
Sweet corn (unhusked) 2.6 0.61 
7.5 
Lettuce 5.0 
1.0 8.7 3.40 
5.0 12.7 
Leaf No. blossoms| Leaf No. 
width (cm.) pot) width blossoms 
10.0 
0.85 9.4 
10.4 
11.2 114 


1 Publication No. 925, Horticulture Division, Experimental Farms Service, Canada Department of 
Agriculture, Ottawa, Ont. 


? Correspondence received by the Nova Scotia Research Foundation from the Société Carbochimique, 
Tertre, Belgium. 


* Greenhouse experiment; plants were not grown to maturity. 
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the value approximately cucumber experiment was performed 
the greenhouse, four different rates anthraxylate being used. All 
pots received the equivalent 1000 6-12-6 plus 1000 
superphosphate. 

these three replicated experiments with sweet corn, head lettuce, 
and cucumber, anthraxylate treatment caused substantial yield increases. 
For example, some results each the experiments are given Table 

From these data appears that anthraxylate may have possibilities 
useful soil amendment. Further work progress investigate 
the mechanisms responsible for its effects. 
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Portable fume cabinet. 


NOTE FUME CABINET FOR USE WHEN TREATING 
CEREAL SEEDS WITH POISONOUS 


There are use the present time numerous devices for protecting 
the operator while treating small quantities cereal seeds with mercurial 
and other poisonous seed dressings. With many these the operator not 
protected adequately from inhaling the dangerous dust and fumes. 
order minimize this hazard, small, portable fume cabinet was con- 
structed for the treating packaged seed and the dispensing seed 
treated with chemicals. 

The cabinet, illustrated, self-contained unit, feet wide, feet 
deep and feet high, constructed fir plywood. the front there 
large, counterbalanced sliding glass panel. three-speed, 6-inch exhaust 
fan mounted the top the chamber and vented the outside the 
building. This allows for removal fumes, depending concentration, 
without excessive loss heat from the room. The cabinet also equipped 
with light mounted the top near the front. The fan control, light 
switch and electrical outlet are mounted externally. The unit can 
removed from the bench when not use. 
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Experimental Farm, 
December 22, 1958 Beaverlodge, Alberta 
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ERRATUM 


page Vol. 39, January, 1959, the paper Harcourt and Miles, 
entitled ‘‘Broadcast treatments for control the cabbage maggot radish, and resultant 
the symbol should replaced the symbol 
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